
AFIT/GEO/ENG/92D-07

AD-A259 448

DTIC
ELECTESJAN 2 7 1993~

S C

OBJECT TRACKING THROUGH ADAPTIVE CORRELATION

THESIS

Dennis Anthony Montera
Captain, USAF

AFIT/GEO/ENG/92D-07

Approved for public release: distribution unlimited

93-01392



DS CLAIMEi NOTICE

TI-S DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT
REPRODUCE LEGIBLY,



AFIT/GEO/ENG/92D-07

OBJECT TRACKING THROUGH ADAPTIVE CORRELATION

THESIS

Presented to the Faculty of the School of Engineering

of the Air Force Institute of Technology

Air University

In Partial Fulfillment of the

Requirements for the Degree of

Master of Science in Electrical Engineering

Dennis Anthony Montera, B.S.E.E. A,*.118a Tro

Captain, USAF 1- T' V; Ift

17 December, 1992 ,

AvIllabllity Codes
,....'Avail and/or

Dist Special

Approved for public reIrmte: distribution unlimited

. • = --



Acknowledgments

I would like to thank my advisor, Maj. Steven K. Rogers, along with the rest

of my thesis committee, Capt. Dennis W. Ruck and Dr. Mark Oxley, for giving me

the opportunity to tackle this problem. I would especially like to thank Maj. Rogers

for his guidance, insight, and encouragement which allowed me to succeed while also

allowing me to find my own path.

I also want to thank the people at the Model Based Vision Laboratory for the

assistance they gave me. I would especially like to thank Mr. Jim Leonard, who

took the time to listen to my ideas, offered suggestions, and gave me insights into

other projects being worked in this area.

Most importantly, I would like to thank my wife, Ilona, for bearing with me

when times were tough, and enjoying life with me when we had a little free time. Her

patience and understanding with the hours I spent working on this research helped

more to make it possible than she will ever know.

Dennis Anthony Montera



Table of Contents

Page

Acknowledgments ....................................... .ii

Table of Contents ....................................... iii

List of Figures ......................................... v

List of Tables .......................................... vii

Abstract .............................................. viii

I. Introduction ...................................... 1

1.1 Background ................................ 1

1.2 Problem Definition ........................... 2

1.3 Scope and Limitations ...... .................... 3

1.4 Methodology ............................... 4

1.5 Overview of Thesis ........................... 5

II. Basic Concepts .................................... 6

2.1 Correlation ............................... 6

2.2 Adaptive Correlation ..... ..................... 7

2.3 Summary ................................. 7

III. Methodology ....................................... 9

3.1 Hardware and Software .......................... 9

3.2 FLIR Images ............................... 9

3.3 Correlation Process ............................ 13

3.4 Walk-off and Error Reduction ..................... 16

iii



Page

3.5 Adaptive Template ...................... 17

3.6 Distinguishing Between Multiple Targets ............. 20

3.6.1 Template Autocorrelation ................. 21

3.6.2 Correlation Peak Identification .............. 22

3.7 Tracking Other Targets ......................... 30

3.8 Correlation Information ........................ 31

3.9 Summary .................................. 32

IV. Results and Analysis .................................. 33

4.1 Comparison Criteria .......................... 33

4.2 Thresholding Technique Comparison ................ 34

4.3 Tracking in the Presence of Multiple Targets ........ ... 40

4.4 Error Reduction and Walk-off. .................... 47

4.5 Locating Other Targets ......................... 58

4.6 Summary .................................. 60

V. Conclusions ....................................... 61

5.1 Research Summary ............................ 61

5.2 Research Conclusions .......................... 62

Appendix A. Adaptive Tracker Program Execution ............ ... 64

Appendix B. C Language Computer Programs .................. 65

B.1 TRACMENU.C ...... ......... ............. 65

B.2 TRACYPRGM.C ............. .............. .. 79

B.3 COR.C ................................... 147

Bibliography .......................................... 150

Vita ................................................ 152

i\'



List of Figures

Figure Page

1. Example Correlation ................................. 8

2. Sample frames from Sequence 1 .......................... 11

3. Sample frames from Sequence 2 .......................... 12

4. Example Image Before and After Edge Extraction .............. 14

5. Program Flow Diagram ............................... 15

6. Adaptive Template Windowing Process ..................... 19

7. Sample Templates ................................... 20

8. Correlation Peak Matching ............................. 24

9. Correlation Offset Versus Pixel Location .................... 25

10. Pixel Weight Factors, Set 1 ............................. 26

11. Pixels Weight Factors, Set 2 ............................ 26

12. Airplane Images Used to Validate Postprocessing Algorithm ..... .. 28

13. Truck Images Used to Validate Postprocessing Algorithm ...... ... 28

14. Tank Images Used to Validate Postprocessing Algorithm ....... .. 29

15. Lost Target Track ....... ............................ 35

16. Good Target Track .................................. 36

17. Effects of Initial Error Bias ............................. 37

18. Comparison of Thresholding Techniques ..................... 38

19. Effects of Error on Tracking ............................ 39

20. Tracking Without Correlation Postprocessing when Multiple Targets

are Present ....................................... 41

21. Correlation Drift to Highest Energy Target ................... 42

22. Range versus Error Tracking Based on Correlation Postprocessing, Scene

Average w/grey-scale restored ............................ 44



Figure Page

23. Range venus Error Tracking Based on Correlation Postprocessing, Edge
Extraction ....... ................................ 45

24. Range versus Error Tracking Based on Correlation Postprocessing, No

Preprocessing ...................................... 46

25. Comparison of Research Results ...... .................... 49

26. Sequence 1, Target 3 Final Frames ........................ 51

27. Snapshots of Tracking Sequence 1, Target 1 ................... 52

28. Snapshots of Tracking Sequence 1, Target 2 .................. 53

29. Snapshots of Tracking Sequence 1, Target 3 .................. 54

30. Snapshots of Tracking Sequence 2, Target I ................... 55

31. Snapshots of Tracking Sequence 2, Target 2 .................. 56

32. Snapshots of Tracking Sequence 2, Target 3 .................. 57

VI1



List of Tables

Table Page
1. Average Tracking Error versus Thresholding Technique ........ ... 40

2. Comparison of Fallback Measures Utilized ..................... 47

3. Average Tracking Error Comparison ........................ 48

4. Final Error Comparison ................................. 48

5. Other Target Locating for Option 1 ......................... 58

6. Other Target Locating for Option 2 ......................... 59

7. Other Target Locating for Option 3 ......................... 59

'.ii



AFIT/GEO/ENG/92D-07

Abstract

This paper discusses the use of a correlation based system to track an object

through a series of images based on templates derived from previous image frames.

The ability to track is extended to sequences which include multiple objects of in-

terest within the field of view of the correlator system. This is accomplished by

comparing the height and shape of the correlation of the template correlated with

itself to the height and shape of all peaks in the correlation of the template with the

next scene. The result is to identify the region in the next scene which best matches

the shape and intensity of the designated target. The use of correlation plane in-

formation for the designation of other objects of interest within the field of view

will also be demonstrated. This process compares only the shape of the template

correlated with itself to the shape of all peaks in the correlation of the template with

the next scene. The result of this process is to identify all regions in the next scene

which closely resemble the shape of designated target. In addition to correlation

plane postprocessing, an adaptive window is used to determine the template size in

order to reduce the effects of correlator walk-off. Two image sequences were utilized

in the conduct of this research. These sequences, taken from a Forward Looking

Infrared (FLIR) sensor mounted onboard a DC-3 aircraft, contain a T-55 tank and

both an M-113 and a TAB-71 armored personnel carrier moving in a columnized

formation along a dirt road. Results indicated that postprocessing of correlation

plane information could discriminate between multiple targets in the sensors field

of view (FOV), and maintain a track on the designated target. Postprocessing of

correlation plane information also indicated that other targets within the FOV could

be located.
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OBJECT TRACKING THROUGH ADAPTIVE CORRELATION

I. Introduction

The ability to track an object autonomously in a cluttered environment with

several objects within a sensor's field-of-view (FOV), has been a goal of both the

military and industry for some time. While the potential applications of such a

system are unlimited in industry, the military is investigating a capability which

would allow a warhead to track a target with minimum human interaction. For the

purpose of this research, the ability to track a target is achieved when an electro-

optic sensor system is able to correctly determine the location of a target within its

FOV through time as both the sensor and the target are moving. In order for such a

system to be effective, the tracker must be able to maintain lock on a target despite

clutter, a changing target signature, multiple targets within the FOV, and partial

obscurations. The ability to ultimately identify the target, and possibly change lock

to another, higher value target within the FOV is also desired. Finally, the system

must be capable of operating in real-time to be of any military use. Although

many tracking systems have been developed to date, none meet all of these strict

requirements at all times.

1.1 Background

The battleground of the future continues to become more and more complex,

greatly increasing in complexity the demands placed on the pilots of high perfor-

mance aircraft and helicopters. One means of reducing tasks placed on these pilots

is to develop a real-time, autonomous tracking system, capable of locking onto tar-

gets in a cluttered, highly dynamic battlefield. Any such tracking system must be

capable of handling a large set of potential targets; targets which may vary in size,



shape, and intensity. To maintain low cost the tracking system must be compatible

with current airborne sensor systems such as the Forward-Looking Infrared (FLIR)

sensor. Finally, the system must attain track quickly in order to ensure timely de-

livery of onboard weapon systems.

The areas of autonomous image tracking and identification have been investi-

gated rigorously by students at the Air Force Institute of Technology (AFIT) under

the direction of Dr. Steven Rogers. These studies have examined many potential

methods and algorithms for achieving autonomous image tracking (10) (14).

One potential system researched was the correlation based tracker, investigated

by Capt. Paul Law, GE 91-D, in his thesis titled "Correlation Based Distortion

Invariant Infrared Tracking" (10). Correlation algorithms measure the similarity

between a target template and the actual scene. To avoid the need to store large

numbers of templates representing all possible orientations of all possible targets,

Capt. Law implemented an adaptive correlator which generated its template from

the last frame of the actual scene. With the adaptive correlation algorithm, Capt.

Law was able to maintain track of, designated target using real FLIR imagery

which contained multiple possible targets and large amounts of background clutter.

Because correlations can be computed optically through Fourier Optics techniques at

nearly the speed of light, a real-time autonomous tracker based on optical, adaptive

correlations was projected as an achievable system.

1.2 Problem Definition

An autonomous, real-time image tracking system which can ioentify targets

and choose highest value targets among multiple targets in its FOV does not cur-

rently exist. Any such system must be capable of correctly tracking the position of a

designated target despite such problems as a cluttered FOV, multiple targets within

its FOV, and changes in the position and orientation of both target and tracker.
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Furthermore, it must be capable of identifying targets axd choosing those with the

highest priority or target value.

1.3 Scope and Limitations

Much of the recent work in tracking has concentrated on developing algorithms

which predict the possible locations of a target, then choose the the target out of all

detected objects which best matches the projected location (1) (2) (3) (7) (11) (16)

(18). These research efforts concentrated on determining which detected objects

were the targets being tracked, and not on how to find potential targets. One

potential method of finding and tracking targets at the same time is through a

correlation based tracker. Southern Research Technologies, Inc. has developed a

real time correlation based system which tracks a designated target in a cluttered

environment (17). However, this system searches only a small area of the entire

scene, and multiple targets of similar shape and size are not present in the FOV..

This research was a continuation of that conducted by Capt. Paul Law and

was intended to improve upon the methods he developed while introducing some

new capabilities. Capt. Paul Law demonstrated in his thesis work that a correlation

based system was capable of tracking a designated target in a cluttered, multi-target

environment while both the target and the tracker were moving (10). The main goals

of this research were to: 1) reduce the tracking error encountered by Capt. Law in

his research (10), 2) expand the portion of scene used to determine if other possible

targets are present, 3) to track multiple targets if present, and 4) to address the issue

of correlator "walk-off" and identify solutions to reduce this effect. The ability to

identify all potential targets being tracked, and to choose the highest value target

present and change lock to that target were left open for future research. To reduce

the amount of effort necessary to achieve these objectives, the following limitations

were imposed.
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"* The task of target acquisition (initially detecting and designating the target)

was not addressed. It was assumed that initial target designation was achieved

manually by an operator, and that the system need only maintain track of the

target once this was accomplished.

"• Computer simulations using real FLIR images were conducted only, and thus

the system did not operate in real-time. However, it was felt that an optical

implementation of the system modeled would be capable of functioning in real-

time.

1.4 Methodology

Along with improving the performance achieved by Capt. Law (10), this effort

focused on addressing the issue of correlator walk-off, using the information in the

template auto-correlation peak, and the capability to track multiple targets within

the tracker's FOV.

In research conducted by Tam (13), an accumulated tracking error was encoun-

tered. While the optical correlator used in his research may have introduced tracking

nonlinearities (6) and random noise (4) errors, this thesis investigated "walk-off" er-

ror inherent in an adaptive correlation based tracker, identified its sources, and tested

solutions for reducing its effects.

In a scene with multiple targets present, it is possible that each target will yield

a peak through the correlation process. Each of these peaks will vary in amplitude,

and some may be larger than the peak corresponding to the target being tracked.

Therefore, a method of using the information contained in the shape of the correlation

peak (14) was introduced. In this method, the shape of the correlation peak of the

template correlated with itself was used to identify the template-scene correlation

peak which most closely resembled it. This peak was then determined to be that

which corresponds to the target being tracked.
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Since Capt. Law had no means of distinguishing the correlation peak of the

target being tracked from the peaks corresponding to other objects in the FOV,

he reduced the area of the scene frame searched to exclude other possible targets

(10). However, since the method of using correlation peak shape made it possible to

identify one target from all others within the FOV, it was now possible to open the

scene searched to include the entire frame. This allowed for the tracking of all other

secondary targets within the tracker's FOV.

Computer simulations for this research were conducted on the SUN Sparc 2

workstations using the KHOROS image and signal processing software developed

by the faculty and students at the University of New Mexico (9). The FLIR images

used were those utilized by Capt. Law (10) which were provided by the Model-Based

Vision Laboratory, WL/AARA, Wright-Patterson AFB, Ohio. These images were

499x320 pixels in size with 256 possible grey scale values per pixel. The tracking

algorithms used were modifications of the programs written by Capt. Law in the C

programming language.

1.5 Overview of Thesis

This thesis is organized into five chapters and an appendix. The order of

chapters represents the chronological evolution of this research effort from an idea

to theory, implementation to results, and conclusions. The appendix contains copies

of the C language programs used to conduct the adaptive correlation process.

This chapter introduces the thesis topic, while also presenting the scope and

methodology implemented in this research. Chapter II discusses the basic concepts of

correlation and adaptive correlation as they relate to this effort. Chapter III describes

the evolution of and procedures used to conduct the computer simulations of adaptive

correlation tracking. Chapter IV discusses and analyzes the results obtained during

this research. Chapter V presents the research conclusions and discusses potential

research areas for future efforts.

... ......



I. Basic Concepts

In his thesis (10), Capt. Paul Law provided a detailed review of the concept of

correlation, adaptive correlations, their uses, and possible optical implementations

of a correlator system. Also, Kumar (8) provides an overview of various optical

correlator designs, including both strengths and weaknesses of each. This chapter

briefly discusses the fundamentals of correlation and describes what is meant by

adaptive correlations.

2.1 Correlation

Correlation is a mathematical process which measures the similarity between

two objects. The correlation of s(U.y) and t(x,y) when both are real is

s(xy)*t(x,y) • /f s(a, 0)it(a - xT3 - y)da dO (1)

or

s(x,y)*t(x,y) - Y- [S(,•,) - T*(ý,i7)] (2)

the template is positioned at every possible location in the field of the search scene.

For each possible location, the two images are multiplied, and the value obtained

represents the similarity, or correlation, of the two images at those locations. The

correlation should be large when the two objects overlap, and small or zero when

no overlap occurs. When the two objects are at the location where the best match

between the two occurs, a peak in the correlation plane is expected.

There are, however, some factors which affect the results of a correlation. First,

if the object in the search scene varies greatly in size, shape, or orientation from the

template, no true correlation peak may occur and the object in the search scene may
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fade into the background noise. Also, areas in the search scene which have larger or

brighter values than those of the object to be located, may produce larger correlation

peaks than those created by the true object of interest. These are factors which must

be accounted for in any correlation based tracker.

2.2 Adaptive Correlation

Adaptive correlation applies to the desire to track an object while the scene

and object being tracked are changing with time. Since the object's size, shape, and

orientation may be changing, the template being used must adapt for a correlator to

maintain a good track. This is accomplished by continually updating the template

used in the correlation process. Each time the target is identified in the search scene,

the object is extracted from that scene to be used as the template for the next frame

of the sequence. Although little research has been reported in the area of correlation

post processing (8), analysis of the correlation plane information with and without

energy normalization proved itself to be very valuable in distinguishing between

multiple targets within the sensors FOV. As long as the time between frames is not

large enough to allow extreme changes in size, shape, or orientation of the object

being tracked, this method of adapting the template to the current scene should

be sufficient to allow correlation based tracking. An example scene, template, and

correlation plane are shown in Figure 1.

2.3 Summary

This chapter briefly reviewed the basic concepts necessary for the conduct of

this thesis. An overview of correlations and the concept of adaptive correlations were

presented, and the reader is referred to the thesis of Capt. Law (10) for a more in

depth discussion of these topics.

Chapters III and IV describe the methodology used and results obtained using

an adaptive correlation based system to track real targets in FLIR generated imagery.'17
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(a)

(b)

coarrotn pedc,

(c)

Figure 1. Example correlation shown ini negative. (a) scene, (b) template, and (c)
correlation plane

8
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III. Methodology

This chapter discusses the methodology and approach taken for this experiment

in adaptive correlation based tracking. In his thesis (10), Capt. Law provided a

very detailed discussion of the hardware, software, images, and correlation method

used during his research. A brief review of this information is given, followed by a

detailed presentation of the changes made to expand and improve the performance

of the correlation based tracking system.

3.1 Hardware and Software

All programming and simulations for this research were conducted on Sun

Sparc 2 workstations. Each workstation operated at 28 MIPS, was equipped with

32 MBytes of internal memory, and the stations were networked together via thin

wire ethernet.

Programs written in the C programming language by Capt. Law (10), were

modified for this research. The programs, called TRAC_(..NU. C and TRACPRGK. C are

found in Appendix B.1 and B.2. These programs utilized routines of the KHOROS

image processing software (9) developed by the faculty and students at the University

of New Mexico. While some processing was done within the C programs, their main

purpose was to control the sequencing and flow of routines within KHOROS to

conduct the adaptive correlation process.

3.2 FLIR Images

Two FLIR image sequences were utilized in this research. These images were

taken from a Helicopter Fire Control System (HFCS) FLIR mounted on board a DC-

3 aircraft. These sequences were taken at the Aberdeen Proving Ground, Maryland,

between October 21 and December 4, 1982, between the times of 2000 and 2200
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hours. The targets consisted of a T-55 tank and both an M-113 and a TAB-71

armored personnel carrier moving in a columnized formation along a dirt road.

In one sequence the aircraft flew toward the targets perpendicular to their

movement along the road, and in the other the aircraft flew in parallel and from

behind the formation. In both sequences the aircraft flew at approximately 1000

feet of altitude and an operator electro-mechanically steered the sensor to track the

targets from a range of approximately 10 kilometers to 1 kilometer distance. The

FLIR images were provided by the Model-Based Vision Laboratory (WL/AARA).

The images provided were 499x320 pixels in size with 256 gray scale values

available. These images represented approximately 1 second between frames, or

approximately 65 meters of flight distance per frame. In both sequences the targets

were warmer than the surrounding background, and thus had higher pixel values

than the background data. This made the targets distinguishable by the human

eye from a range of approximately 7 kilometers. In the case where the plane flew

parallel to the path of the targets, all three targets appeared close together and

remained within the sensors FOV for the entire sequence. However, true target

location information was only available down to 2200 meters for Target 3. Therefore,

all tracking information gathered on Target 3 for this sequence ended at this range.

In the case where the aircraft flew perpendicular to the three targets, the separation

between the vehicles made it impossible to keep all three within the sensors FOV

throughout the sequence. At approximately 2700 meters one target exited the field of

view, while another exited the FOV at approximately 1900 meters. The final target,

the M-113 armored personnel carrier, remained in the FOV for the entire sequence.

Example frames from Sequence 1 are shown in Figure 2 and from Sequence 2 in

Figure 3.

For both sequences, information about the true target locations for all targets

was provided by the personnel at the MBV Laboratory for frames between the ranges

of 8 to 1 kilometers. This data was obtained by analyzing each frame and finding the

10



(a)(b)

(C) (d)

(6))

(g) (h)

Figure 2. Sample frames from Sequence I shown in negative. Images represent

ranges from 8 km (a) to 1 km (h).

S. .• ••-• • --- r .. . " .J L{ .,,.-11. .



(a) (b)

(c) (d)

(e)f)

(g) (h)

Figure 3. Sample frames from Sequence 2 shown in negative. Images represent
ranges from 8 km (a) to 1 km (h).
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bounding box which encompassed each target entirely. The center of each box was

considered to be the center of the target. This information was used to determine

the error in numbers of pixels that the correlation based tracker achieved for each

frame. "
t ,, ,: - . , . .•. . .

3.3 Correlation Process -"

The adaptive correlation process as implemented by the C language programs

was discussed in full detail in Capt. Law's thesis (10), and a brief, less detailed

overview is given in this section. This process remained unchanged during this

research except as noted in later sections of this chapter.

The process began by loading the previous and current frames of the sequence.

Both images were then preprocessed based on the operator's selection of built in op-

tions. The template was then removed from the previous frame, and the search scene

was extracted from the current scene, with their sizes dependent on the operator's

selected options. The two images were then correlated, and the resulting peak in the

correlation plane was chosen as the location of the target. This location was then

used as the center for the extraction of the template to be used for the next frame.

This process repeated itself and continued through the entire sequence of images.

For the size of the template and the search scene, the operator had three options

in the original version of the program (10). The sizes were: small (template 30x20,

scene 60x38), medium (template 42x28, scene 116x72), and large (template 64x40,

scene 192x120). These sizes were fixed throughout the correlation process. During

this research two new options were added. For both, the template became adaptive.

That is, the program tried to determine the exact size of the target, and make the

window for the template that same size. In one case, the scene was 60x38, the same

as the original small scene, and in the other case, the search scene became the entire

499x320 frame. During this research. only the two new options were utilized to

compare the results obtained to those obtained by Capt. Law (10).

13
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The programs also contained many possibilities for image preprocessing. Ex-
- amples of these options included: none, threshold binarization, threshold binariza-

tion with gray scale restored, image blending, and other combinations. An option to
use an edge extractor (9) after implementing any of the previous options was added

- during this research. Sample images are shown in Figure 4.

• +-• ... ! r.-1.4 -• . - ,

f 4A.

+ +i+, -. -, . -

(a..) (b)

* Figure 4. Example image before and after edge extraction (9) shown in negative.
(a) original image, (b) image after edge extraction.

Under the option of threshold binarization, three possibilities were imple-

imented. These are: scene average thresholding, line-by-line thresholding, and Cline

thresholding. Scene average thresholding set to 0 all pixels in the scene that had

* values less than the scene average plus an operator set percentage, while setting all
pixels above that value to 1. Line-by-line thresholding utilized the average of the

* eight previous pixels plus an operator set percentage to determine if a pixel was
set to 0 or 1. Cline thresholding made its decision based on the average plus an

operator set percentage of the eight pixels surrounding the pixel of interest. Based

on the results obtained by Capt. Law (10), an operator set percentage of 15% was

always chosen when a binarization technique was utilized. Once binarization had
taken place, grey-scale was restored if the operator desired. This was accomplished

by multiplying pixel-by-pixel the binarized image with the original image. There-
fore, all pixels set to zero through binarization remained zero, while all pixels set

to one through binarization were restored to their original grey-scale values. A flow

diagram of the final program is shown in Figure 5.
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Figure 5. Flow diagram of the correlation based tracker program.



During this research effort, only the following options were used: no image pre-

processing, no binarization with edge extractor, and scene average, line-by-line, and

Cline thresholding all with gray scale restored. The three binarization techniques

were all implemented to determine which worked best with the adaptive template,

and which generated the lowest average tracking error. Then, the best binarization

technique was compared to no preprocessing, and no binarization with edge extrac- . .

tion to determine which image preprocessing technique provided the best overall -

tracking performance.

3.4 Walk-off and Error Reduction

Whenever the object of interest is changing its size, shape, or orientation from

frame to frame of a sequence, correlator walk-off will occur. When the template does

not exactly match the target in the search scene, the point where the template best

matches the target may not correspond with the center of the target. This produces

an error in the correlation. Although this error is a random error, it will continue

to add to itself from frame to frame due to the nature of the correlation process.

Given enough frames, this error may eventually accumulate to such a point that it

"walks-off" from the target (13).

Also, it was found in Capt. Law's research (10), that the larger the template

was, the more error that was introduced into the correlation. This was due to

the background pixels which were a part of the template when the template was

much larger than the target. Just as varia ions in the target from frame to frame

introduced error, so did the background pixels. By eliminating as much of the

background information from the target as possible, the error from frame to frame

could be reduced.

The solution to both of these problems became an adaptive window for creating

the template. A windowing algorithm that found the edges of the target offered

several advantages. First, t, -2 target location as determined through correlation was

16



assumed to be a pixel in the area of the target, but not necessarily the center of

the target. After the target had then been windowed by a bounding box, the center

of that bounding box was considered to be the true center of the target. By doing

this, the system compensated for the walk-off error encountered from frame to frame,

Sand reduced the effects of its accumulation. At the same time, the adaptive window

* reduced the error encountered each time by setting the size of the template to the

size of the target and thus removed excess background pixels which had an impact

on the correlation process.

An added benefit from an adaptive template was in the area of target desig-

nation. Without the adaptive template, if the original pixel location for the target

as designated by the operator was not the true center of that target, error was in-

troduced into the system. Capt Law's solution (10) was to allow the operator to

select the true center of the target as a starting point because this information was

available to him. Although this allowed him to begin the tracking process without

an operator introduced error, it did not represent the real world where a target des-

ignator does not know the exact center location of the target. However, the adaptive

template option did allow the operator to designate any pixel of the target as a start-

ing location, and by bounding the target to select the template, operator introduced

error was reduced if not eliminated.

3.5 Adaptive Template

The algorithm developed to perform the adaptive windowing was based on

previous knowledge of the content of the sequences. Its intent was to validate the

concept and performance improvements that could be attained by having an adaptive

template, not to validate the algorithm developed. Development of a true adaptive

template algorithm which would work for a variety of situations was left as a topic

for future research.
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Two pieces of prior knowledge allowed the algorithm developed in this research

to work. First was that most of the background pixels had values below 70. Second

was that all of the targets were brighter than the background, and that the majority

of the target pixels had values greater than 70. By utilizing this information, an

adaptive template algorithm was developed.

The algorithm began by checking the location of the correlation peak to see if

the pixel value in the current scene at that location was greater than 70. If it was,

the algorithm assumed that it was part of the target. If not, it assumed the pixel was

near the target and began an outward search for the target. This search included

checking outward in all directions from the current location until the nearest pixel

with a value greater than 70 was found. This pixel was then considered to be part

of the target.

Once a pixel was determined to be part of target, a 3x3 box was drawn around

it. Each side of the box was then checked to see if 95% of its pixels had values less

than 70. If all sides of the box had 95% of their pixels less than 70, the windowing

would be complete and the size of the template determined. If not, each side of the

box that did not meet the 95% criteria was pushed out from the starting location

of the window. This increased the size of the window, but only expanded it in the

directions of the edges of the target from the starting location. Again all four sides

were then checked to see if they met the 95% criteria. Expansion of the window

continued until all four sides met the specified criteria. At that point, the window

matched the actual size of the designated target, and the center of the window

was then considered to be the true center of the target. The size of the template

utilized for the next frame was also set to the size of the adaptive window. Figure 6

provides an example of the process. This figure demonstrates the whole process of

starting with a pixel off of the intended target, to finding the nearest target pixel, to

expanding the window until all sides nveot the 95% criteria. Figure 7 shows examples

of adaptive templates taken with vari<o,. preprocessing options.
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"(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 6. Adaptive template windowing process. (a) correlation peak location not
on target, (b) process finds nearest target pixel, (c-g) window expands
in each direction that contains greater than 95 percent target pixels, and
(h) window process encompasses entire target.
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F (a) (b) (c)

(d) (e) (f)

Figure 7. Sample templates from (a-c) Sequence 2 and (d-f) Sequence 1 shown in
negative. (a,d) show edge extraction, (b,e) represent no image prepro-
cessing, and (c,f) represent scene averaging with grey-scale restored.

3.6 Distinguishing Between Multiple Targets

In his research (10), Capt. Law restricted the search scene for each frame to

a subimage of the full frame. The size of the subimage was based on the option

of small, medium, or large selected by the operator. His research found that the

smaller the search scene, the better the performance of the system. The reason the

system worked better with a small search scene was because it reduced the number

of targets in the search scene. As mentioned in Chapter 2, when multiple targets

of differing brightness are in the search scene, problems may be encountered when

trying to track a target which is not the brightest. This problem occurred because

the brightness of pixels can outweigh the match in shape in the correlation process,

resulting in the highest correlation peak on the brightest target. This caused the

correlator to shift its track from the designated target to the brightest target in the

FOV.

The shift in tracking to the brightest target produced a problem in how to

maintain track on targets which are not the brightest target in the FOV. Analysis of

the correlation plane showed that although the brightest target produced the largest
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peak, other, smaller peaks did exist at the locations of the other targets and at

many locations in the background. Therefore, the problem became how to identify

the proper peak in the correlation plane, not just the tallest peak. Postprocessing of

the correlation plane information yielded promise in solving this problem. However,

little has been reported in the area of correlation postprocessing (8). The research

that has been reported (12) (14) (15) has all dealt with identifying a target that

has been scaled or rotated, and not in distinguishing between multiple targets of the

same shape.

3.6.1 Template Autocorrelation When the amount of time between frames in

a sequence is small enough that the objects being tracked do not change much in

size, shape, or orientation, then the template holds more information than the shape

and brightness of the target. Since the target in the current scene was expected to

look similar to the object in the template, then the size and shape of the template

correlated with the target was expected to look similar to the size and shape of the

template correlated with itself. Taking advantage of this information became the

focus of the rest of this research effort.

However, it should be noted that the template autocorrelation utilized was not

a true autocorrelation. If the template had only been correlated with itself, then

as soon as the template was shifted off center, the energy in the correlation plane

would drop dramatically. This would not be representative of what happened when

the template was correlated with the scene because the background surrounding the

target was not being considered in the shape of the correlation peak. Therefore, two

templates were extracted. The first template was the true template which was to be

correlated with the next scene. The second template was a copy of the first template,

only expanded an additional three pixels in each direction. When it came time

for template autocorrelation, the true template was correlated with the expanded

template. This allowed the background surrounding the template to influence the

correlation plane information. The resulting correlation plane peak's height and
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shape were then more representative of what was expected when the true template

was correlated with the next scene.

3.6.2 Correlation Peak Identification In his thesis (14), Troxel investigated

the use of correlation information for pattern recognition of targets. Because he'

experienced some success with his process, the methods utilized by Troxel became

the starting point in this research for identifying the proper peak in the correlation

plane.

The method (14) began by extracting the 7x7 window of pixels around the peak

of the autocorrelation plane. Each pixel was then normalized by dividing it by the

square root of the sum of the squares of each point in the 7x7 window. The data was

considered to be a vector in 49 dimensional space, and Lt. Troxel then used a distance

measurement to try to determine the identity of the target. Based on this method,

a 7x7 window was extracted around each peak in the correlation of the template

with search scene. Each window was normalized in the manner described, and the

Euclidean distance between that peak and the peak of the template autocorrelation

was measured. Euclidean distance was based on

D 4= (zi)2) 1 -X 2  (3)

and the peak with the smallest Euclidean distance from the template autocorrelation

was considered to be the location of the designated target.

This method was tested, but did not perform correctly. At some point in each

sequence for every target, the system still switched from the target of interest to one

of the other targets. The reason for this was that the normalization process removed

target brightness information, and therefore, the comparison was being based only

on the shape of the object in the search scene. Because there were some changes in

size, shape, or orientation in the designated target from frame to frame, situations
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were being created where the appearance of a target in the past scene looked more

like another target than itself in the current scene.

To introduce the brightness of the target as a factor in peak analysis, the nor-

malization of the 7x7 pixel array was removed from the process. However, when the

unmodified 7x7 windows were used for comparison, error were still encountered in

the tracking process. These errors did not shift to other targets often, but instead

were shifting to areas in the background pixels. This was a step in the proper di-

rection because the system was distinguishing between targets, but the system still

needed refining. Areas in the noise that were relatively flat were encountering small

distances between the outer pixels of the 7x7 window, but were not matching well

near the peak. But the match at the outer pixels was outweighing the mismatch

near the peak and these areas were yielding smaller distances than the actual peak

of interest. A conceptual, 2-dimensional example of what was encountered is shown

in Figure 8. In this figure, (a) represents the template autocorrelation, (b) repre-

sents the matching of (a) with the template-target correlation, and (c) represents

the matching of (a) with template-noise correlation. It can be seen from Figure 8

that even though the template-target correlation matched the shape of the template

autocorrelation better than the template-noise correlation, the template-noise corre-

lation would yield a smaller distance from the template autocorrelation than would

the template-target correlation. This would cause the tracker to begin tracking on

background noise.

The next step was to place weighting factors on the distances between individ-

ual pixels so that matching near the peak was more important than matching near

the edges of the 7x7 window. This yielded the weighted Euclidean distance metric

D = 1', ('Ih - X2,+)2 (4)
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/ template autocorrelation

(a)

/ template autocorrelation

template-target

(b)

template autocorrelation

template-noise

(C)

Figure 8. Correlation peak matching. (a) template autocorrelation, (b) compari-

son with template-target correlation, (c) comparison with template-noise

correlation
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where wt is the weighting factor. The weighting factors were chosen to stress the

number of rows and columns of offset that each pixel in the 7x7 window represented

in the correlation plane. In Figure 9 below, the total number of rows and columns of

offset for each pixel in the window is shown, with the center pixel representing zero
t

or perfect match of the data.

F6 5 4 3 4 5 6

5 .4 3 2 3 4 5
ý4r 3 2 1 2 3 4
3 2 1 0 1 2 3
4 3 2 1 2 3 4
5 4 3 2 3 4 5

16 5 4 3 4 5 61

Figure 9. Correlation offset versus pixel location..

Based on this, it was decided that pixels representing equal amounts of offset

should be weighted equally. It was also chosen that each step closer to zero offset

should be weighted twice the amount of one more offset. This yielded the set of

weight factors in Figure 10. This set of weighting factors was tested, and still errors

existed.

Analysis of the points which caused errors showed that the most important

pixel in identifying the proper peak should be the height of the peak or center pixel

itself. However, a look at the above weighting factors shows that the outer ring,

representing the most offset, has a combined weighting of 84. The next ring has a

combined weighting of 144, the third ring has a weight 192, and the peak has only a

weighting of 64. Therefore, although the center pixel had the greatest weighting, it

was still not as important to the total distance as the outermost ring. This created
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2 4 8 16 8 4 2
4 8 16 32 16 8 4

18 16 32 64 32 16 8
. .4 8 16 32 16 8 4

"2 4 8 16 84 2
1 2 4 8 4 2 1

Figure 10. Pixel weight factors, Set 1.

the problem that the height of the peak was still not as important as the shape of

the peak.

Finally, a weighting method which emphasized the height as much as the shape

was introduced. The idea was to make the center weight slightly greater than the

combined weighting of the rest of the pixels. This yielded the weighting system in

Figure 11.

1 2 4 8 4 2 1
2 4 8 16 8 4 2
4 8 16 32 16 8 4
8 16 32 448 32 16 8
4 8 16 32 16 8 4
2 4 8 16 8 4 2
1 2 4 8 4 2 1

Figure 11. Pixel weight factors, Set 2.

As will be shown in Chapter 4, this weighting system was quite effective. Some

errors were still encountered which leaves open the reevaluation of the weighting

factors for future research. Most of the errors were due to the fact that no point
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had a very good match to the template autocorrelation peak. Because of this, the

first fallback measure was introduced. When the distances measured for good tracks

were evaluated, they all seemed to fall under certain value. Therefore, this value

was multiplied by 10, and if no distances were measured less than that value, then

the program assumed it had not found the target, and chose the targets last known

location as its current location. This compensated for all of the errors encountered

that were not corrected by the final fallback measure discussed in the next section.

This allowed the system to continue tracking the proper target in all cases.

To validate this concept of a correlation postprocessing algorithm, several im-

ages not from the two sequences were chosen to see if the algorithm could find the

designated target. In each case, the location of the target, as well as the box en-

compassing the target, were given. The box encompassing the target was used as

the true template, and all template autocorrelations and template-scene correlations

were performed within Khoros (9), and the correlation plane information was stored

in files. The postprocessing algorithm was then implemented in a small C language

program called CDR. C (see Appendix 13.3), which read in the correlation files and

processed them to determine the location of the target.

The images used to validate this algorithm, along with the templates extracted,

are shown in Figures 12, 13, and 14. These images include airplanes, trucks, and

tanks as the target of interest. In the images which have airplanes or trucks, the

target were brighter than the background, and thus a peak was expected at their

location in the correlation plane. In the case of the images which had a tank as

the target, the tank was not brighter than the background. Therefore, no peak in

the correlation plane was expected. However, the height and shape of the template

autocorrelation still could be used to try and locate the target within the scene. In all

cases, the correlation plane postprocessing algorithm determined the exact location

of the designated target.
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(a) (b)

Figure 12. Images and associated templates containing an airplane used to validate
the correlation plane postprocessing algorithm.

(a) (b)

Figure 13. Images and associated templates containing a truck used to validate the
correlation plane postprocessing algorithm.
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(C) (d)

(e)
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3.7 Tracking Other Targets

An area of particular interest in this research was the ability to properly locate

and track the locations of other targets in the search scene. The motivation for this

ability was for the system to be capable of identifying, through pattern recognition,

the target being tracked plus all other potential targets within the sensor's FOV. The

system could then distinguish between high and low priority targets, and eventually

change track to the highest priority target found. Although the ability to identify

other targets and change track to a higher priority target was not investigated in

this research, the ability to locate other targets in the search scene was investigated.

Because the method of pattern recognition developed by Lt. Troxel (14) was very

effective in identifying shapes without reference to object brightness, it was utilized

as a means of identifying other potential targets in the search scene.

The search for other targets was conducted within the algorithm at the same

time as the search for the actual target of interest. As described earlier, a 7x7

window of correlation information was extracted around each peak, the pixel values

were normalized, and the distance from the 7x7 window of information generated

by the autocorrelation of the template was determined. The algorithm stored the

locations of the ten best matches within the search scene. These locations were

then compared to the 10 best matched locations found in the previous scene. If any

location from the search scene was within 20 pixels (a large amount of movement

from frame to frame) of a stored location from the previous scene, the algorithm

considered that location to represent a potential target. These locations were stored

in a file by the program, and were later compared to the known locations of the other

targets in the sequences to determine if the method of target location identification

was successful.

Based on the relative success of this algorithm, the final fallback measure was

introduced. Once the program had located the target and the ten potential target

locations in the search scene, a comparison was conducted to determine if any of the
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potential target locations were closer to the last known location of the target being

tracked than the location as determined by the tracker. Because the time between

frames did not allow for significant changes in object position, a potential target

located closer to the last known location of the target was assumed to be the real

target of interest. This fallback measure was effective in removing most of the errors

encountered by the adaptive correlation tracker.

3.8 Correlation Information

During the execution of C language programs, several important pieces of

information were stored in files. In total, four files of information were created

during each run of the program. One file contained the range and locations of other

potential targets as found in the method described in the previous section. Another

file was generated containing range and pixel error information only. This file proved

valuable in generating the plots found in Chapter IV of this thesis. The third file

contained range versus target location data.

The fourth file created was the main information file. This file contained

the range of each frame, the location of the target as determined by the adaptive

"correlation tracker, and the actual location of target as determined by the MBV

Laboratory. Also included in this file was the pixel error as determined by

Error = V/(Xpeok - Xtru) 2 + (Ypeok - Ytrue) 2  (5)

and the error direction. Error direction was given in degrees and was measured

from the horizontal. Values ranged from 0 to 180 degrees, and 0 to -180 degrees.

Finally, the distance between the template and scene correlation and the template

autocorrelation was saved. This value was normalized by the height of the template

autocorrelation peak to allow for smaller values and to allow comparisons from frame

to frame. In the cases where correlation peak location only was used to determine
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target location, this measurement was saved with a value of zero. This measurement

was also used to indicate when the program had relied on a fallback measure to

maintain proper track. In the case where a location identified as a potential target

was selected as the true target, this measurement was given a value of 50. And in -

the case of no true target being found, this measurement was given a value 100.

3.9 Summary

This chapter has described the methodology implemented in the adaptive cor-

relation tracking process. The hardware and software, as well as the specifics of the

FLIR images utilized in this research were discussed briefly. The new algorithms and

procedures adapted to the existing C language programs, along with justification for

their use were presented in detail. And the execution of the programs was discussed.

Chapter IV will present the results obtained by the tracking programs, as well

as an analysis of the results. Chapter V will present the conclusions reached through

this research effort, and will recommend areas for further study.
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IV. Results and Analysis

This chapter presents the results obtained by the adaptive correlation tracker,

as well as a comparison and analysis. In particular, a comparison of image prepro-

cessing techniques when used with the adaptive template, as well as a comparison of

adaptive and set size templates is given. Also presented is the results of correlation

plane postprocessing to improve tracking performance. Finally, results of the ability

to properly locate other targets in the FOV are presented.

4.1 Comparison Criteria

For each tracking run generated by the adaptive correlation tracker, the data

utilized for comparison was the error in pixels achieved for each frame. This value

represented the distance in pixels from the true center of the target of interest to the

target location as determined by the tracker. Figures 15 and 16 demonstrate how

error effected tracking by showing two tracks of eight consecutive frames of the same

target. In Figure 15, Sequence 1, Target 2 was tracked utilizing line-by-line averaging

with grey-scale restored, small template and search scene, target location based on

largest peak in the correlation plane. In Figure 16, the same target was tracked

utilizing no image preprocessing, adaptive template with full scene searched, and

correlation plane postprocessing to determine the location of the target. Figure 15

(a-c) show the target being tracked to within 5 pixels of true center; in (d-f), the

tracker begins to drift forward of the target's true center with errors between 5-10

pixels; and finally in (g-h), the tracker loses the target with errors between 30-40

pixels. In Figure 16, (a-h) show the target being tracked within 3 pixels of true center

through the whole series of frames. In all cases, tracking began on the true center

of the target in the first frame so that no initial bias was introduced. Therefore,

all tracking errors encountered could be attributed directly to the tracking method

utilized. This was done to make a comparison between basing target location on the
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correlation peak with set template and scene sizes, and finding the proper correlation

peak through postprocessing in conjunction with an adaptive template and full scene

search. As can be seen in Figure 17, the method which utilized set template and

scene sizes, along with basing target location on the location of the highest correlation

peak was very sensitive to initial error offset when tracking, while the method which

utilized an adaptive template and correlation plane postprocessing to find the proper

peak in the correlation plane which represented the designated target was extremely

insensitive to an initial error bias.

4.2 Thresholding Technique Comparison

To determine which thresholding technique worked best with the adaptive

template, all three targets of Sequence 1 were tracked using the adaptive template

with the small search scene option. This meant that target location was based only on

the location of the tallest peak in the correlation plane. The thresholding techniques

compared were scene averaging with grey-scale restored, Cline averaging with grey

scale restored, and line-by-line averaging with grey-scale restored (see Section 3.3

for details). The option to restore grey-scale in all cases was used because Capt.

Law (10) had found this worked best for the correlation based tracker. In Figure 18,

(a) represents target 1, (b) target 2, and (c) target 3. For each target, the tracks

by all three thresholding techniques are shown. Even relatively small pixel errors

can effect the ability of the tracker to remain on target. In Figure 19, an error

of approximately eight pixels in (a) still remains on the target, while an error of

approximately twelve pixels in (b) shows that the tracker clearly has left the target.

The average error versus thresholding technique for each target is shown in Table 1.

Based on the average errors encountered, along with the error for each target at

the final frame, scene averaging with grey-scale restored was chosen as the best

binarization technique to use with the adaptive template. It was therefore the only

binarization technique compared with no image preprocessing, and no binarization
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Figure 17. Effects of introducing an error in the initial designation of the target.

(a,c,e) no image preprocessing, adaptive template with full scene search,
correlation plane postprocessing, (b,d,f) line-by-line binarization with

grey-scale restored, small template and search scene, target location
based on highest correlation peak. (a,b) Sequence 1, Target 1, initial

bias of 4.47 pixels (c,d) Sequence 1, Target 3, initial bias of 11.18 pixels
(e,f) Sequence 2, Target 1, initial bias of 11.66 pixels.
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Figure 18. Comparison of thresholding techniques in range versus error for Se-
quence 1 (a) target 1, (b) target 2, and (c) target 3. All tracks ac-
complished with adaptive tenmplate, full scene searched, and correlation
plane postprocessing to determine target location.
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with edge extraction in this study. It was chosen because it had the lowest average

errors, along with the smallest average error in the final frame. This differed from

the results obtained by Capt. Law (10) when a set template size was used. For a

set template, line-by-line averaging with grey-scale restored was judged to yield the

best results. .

Table 1. Average tracking error in pixels versus thresholding technique for each
target of Sequence 1 (see Figure 2). Average based on average error over
entire track from approximately 7.5 km distance to terminal.

Thresholding Technique Average Error in Pixels
Target 1 Target 2 Target 3

Scene Averaging w/grey-scale restored 2.67 6.22 2.81
Cline Averaging w/grey-scale restored 3.89 12.67 2.96
Line-by-line Avg w/grey-scale restored 3.42 7.80 2.96

4.3 Tracking in the Presence of Multiple Targets

When using the location of the tallest peak in the correlation plane for tracking

in a sequence where multiple targets are present and close together, the tracking

system often changed track to the brightest target in the sensors FOV. As was

stated in Section 3.2, there is no error data available for Target 3 closer than 2000

meters. For this data, all three targets of Sequence 2 were tracked using the adaptive

template with small search scene option, and scene averaging with grey-scale restored

image preprocessing. In the case of Target 1, the track had only small errors, but

for Targets 2 and 3, the errors began much higher and remained higher. This can be

seen in Figure 20. This occurred because the tracker immediately began drifting to

Target 1, the brightest of the three, starting in the first frame no matter which target

was designated. This is shown in Figure 21. Essentially, this was the same result

as would be expected if a hot-spot tracker had been used. Since Target 1 in both
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sequences was much brighter than the other two, any hot-spot tracker utilizing the

full scene as a FOV would track Target 1 no matter which target had been originally

designated.

100

0.; •- Target I
- Target 2so .......... Target 3

30 -

20-

10 J' "

C1000 2000M0 00 50 7000

Ranoo (m)

Figure 20. Tracking of targets in Sequence 2 without correlation postprocessing.
Tracking of Target 3 ended at 2000 meters due to lack of true target
location information at closer ranges.

To demonstrate the ability of the correlation plane postprocessing technique to

track a target in the presence of multiple targets, tracking runs on all three targets

in each sequence were accomplished. These runs utilized the adaptive template

and searched the entire frame for the proper target. Runs on each target were

accomplished using scene averaging with grey-scale restored, edge extraction, and

no preprocessing of the original images. Error versus range for each run is shown in

Figure 22 for scene averaging with grey-scale restored, Figure 23 for edge extraction,

and Figure 24 for no preprocessing. In each figure, Sequence 1 targets 1-3 are found

in (a-c), and Sequence 2 targets 1-3 are found in (d-f). The symbols x and o were

placed on these graphs to indicate a frame where a fallback measure to maintain track

was utilized. The presence of an x indicates that the target location determined by

the adaptive correlation postprocessing algorithm was not the designated target.

However, as mentioned in Section 3.7, one of the locations designated as a potential
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target was judged to be the proper target. The potential target was chosen as the true

location of the designated target because it was closer to the last known location of

the designated target in the previous scene than the location of the object chosen to

be the target in the current scene. The presence of an o indicates that no correlation

peak match was attained, and the algorithm considered the known location of the

target in the previous scene as its new location in the current scene.

Figures 22, 23, and 24 indicate that in all three preprocessing techniques uti-

lized the adaptive correlation tracker with correlation plane postprocessing was able

to accurately track the designated target even in the presence of other, similar tar-

gets. However, a major distinguishing factor between the three preprocessing tech-

niques was in the number of frames in which the wrong target was originally chosen

and a fallback measure had to be utilized. Table 2 compares the number of frames

in which the fallback measures were utilized for each image preprocessing technique.

In Table 2, data is given in the form of 'x/y' where x represents the number of

frames where the actual target was chosen from the pool of potential targets, and y

represents the number of times that no target was found and the last known location

of the target was utilized.

In the area of tracking and average tracking error, both the edge extrac ion and

no preprocessing of the images performed equally well. The option of scene averaging

with grey-scale restored did perform well on Sequence 1, but did not perform as well

on Sequence 2. However, when the number of frames which utilized fallback measures

was taken into account, the option of no image preprocessing was clearly the best of

the three options. This option was able to distinguish between multiple targets in

the sensor's FOV, while also maintaining very accurate tracking on the designated

target. An added benefit of this option was the reduced processing time required

when the frames were taken in their original form without data reduction.
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Figure 22. Range versus error tracking based on correlation plane postprocess-
ing using scene-average w/grey-scale restored imae preprocessing.- Se-
quence 1, (a) target 1, (b) target 2, (c) target 3, (nd Sequence 2 (d)

target 1, (e) target 2, (f) target 3. An x indicates the selected target'
was not originally located, but was chosen from the potential targets,
while an o indicates that no target was found and the tracker used the
last known location of the target.
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Figure 23. Range versus error tracking based on correlation plane postprocessing
using edge extraction image preprocessing. Sequence 1, (a) target 1,
(b) target 2, (c) target 3, and Sequence 2 (d) target 1, (e) target 2, (f)
target 3. An x indicates the selected target was not originally located,
but was chosen from the potential targets, while an o indicates that no
target was found and the tracker used the last known location of the
target.
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Figure 24. Range versus error tracking based on correlation plane postprocessing
using no image preprocessing. Sequence 1, (a) target 1, (b) target 2, (c)
target 3, and Sequence 2 (d) target 1, (e) target 2, (f) target 3. An x
indicates the selected target was not originally located, but was chosen
from the potential targets, while an o indicates that no target was found
and the tracker used the last known location of the target.
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Table 2. Comparison of number of fallback measures utilized for each image pre-
processing technique with correlation plane postprocessing. Data is in

* the form x/y. An x represents the number of frames where the target
location determined by the tracker was not the designated target, but the
designated target's location was selected from the pool of potential tar-
gets based on its being closer to the last known location of the designated
target than the location determined by the tracker. A y represents the
number of frames where no target was found. Tar 2-1 is used to designate
Sequence 2, Target 1.

Image Preprocessing Number of Fallback Measures Utilized
Tar 1-1 Tar 1-2 Tar 1-3 Tar 2-1 Tar 2-2 Tar 2-3

Scene Ave. w/grey-scale 0/0 0/1 0/0 4/1 8/0 8/0
Edge Extraction 12/0 1/0 22/0 37/2 1/5 1/0
None 0/0 1/0 0/0 0/0 9/0 7/0

4.4 Error Reduction and Walk-off

O7ei of the- -main goals of this research was to reduce the error encountered by

Capt. Law during his research (10), while also addressing the problem of correlator

walk-off. Figure 25 compares the tracking achieved by the option implemented by

Capt. Law, and the best tracking achieved during this research. For the comparison,

tracking based on line-by-line averaging with grey-scale restored, a small template

with small scene, and target location based on the largest peak in the correlation

plane (10), was used to represent Capt. Law's research. As stated in Section 4.3, no

image preprocessing, with an adaptive template, full scene search, and correlation

postprocessing was chosen as the best option for this research. Table 3 compares the

average error achieved by each method for each target, and Table 4 compares the

final error achieved by each method for each target. For the rest of this section, the

term 'LineAv/GS res' will be used to represent line-by-line averaging with grey-scale

restored, small template and search scene, target location based on highest peak

in the correlation plane (the best results obtained by Capt. Law), and the term
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'NoPre/AdFuU/Post' will be used to represent no image preprocessing, adaptive

template with full search scene, and correlation postprocessing (the best results

obtained during this research).

Table 3. Average tracking error in pixels for research comparison. Comparing line-
by-line averaging with grey-scale restored, small scene and template, lo-
cation based on largest correlation peak (LineAv/GS res) and no image -

S. .preprocessing, adaptive template with full scene, and correlation postpro-
cessing (NoPre/AdFull/Post).

Research Average Error in Pixels
Targ 1-1 Targ 1-2 Targ 1-3 Targ 2-1 Targ 2-2 Targ 2-3

LineAv/GS res 3.71 9.95 3.71 3.37 22.57 30.70
NoPre/AdFull/Post 2.99 1.32 3.19 1.03 1.93 1.56

Table 4. Final error comparison of research efforts. Comparing line-by-line aver-
aging with grey-scale restored, small scene and template, location based

- on largest correlation peak (SceneAv/GS res) and no image preprocess-
ing, adaptive template with full scene, and correlation postprocessing
(NoPre/AdFull/Post).

Research Final Error in Pixels
Targ 1-1 Targ 1-2 Targ 1-3 Targ 2-1 Targ 2-2 Targ 2-3

LineAv/GS res 13.15 109.41 8.54 19.66 69.70 62.32
NoPre/AdFull/Post 2.55 0.71 10.20 1.00 1.00 1.00

Analysis of Table 3 verified that the average error encountered while tracking

had been reduced for all three targets in both sequences. The average error improved

from the Capt. Law's research to this research an average of 63%. This represented

a significant improvement in tracking performance.

As mentioned earlier, correlator walk-off can be attributed to the differences

in the target from frame to frame. Because this error is random in nature, its effects
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Figure 25. Comparison of best tracking results obtained by Capt. Law (10) us-
ing line-by-line averaging with grey-scale restored, small scene a.nd
template, and target location based on largest correlation peak (Lin-
eAv/GS res), and this research utilizing no image preprocessing, adap-
tive template with full scene, and correlation plane postprocessing (No-
Pre/adFull/Post). Sequence 1, (a) target 1, (b) target 2, (c) target 3,
and Sequence 2 (d) target 1, (e) target 2, and (f) target 3.
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are cumulative. In the situation encountered in this research, where the sensor

platform was moving towards the targets, the effects of walk-off can become even

more prominent as the distance between platform and target decrease because the

amount of change from frame to frame becomes greater. As seen in Table 4, the error

encountered in the final frame was very large, and often many times greater than

the average error per frame. This was a strong indication that walk-off was having

a significant effect on the tracker's performance. On the other hand, Table 4 shows

that the final error encountered in the new research was very low for all but one

target, and that for all but that target the final error for each target was less than

the average error encountered while tracking that target. The final error encountered

for Sequence 1, target 3 can be attributed to the way in which the target left the

sensor's FOV. Because this exit occurred over several frames, it introduced large

changes in the targets size and shape from frame to frame. This can be seen in

Figure 26. However, the overall results obtained in the new research indicated that

walk-off was not a significant factor in the ability of the correlation based algorithm

to track.

In order to fully understand how all this data effects tracking performance,

snapshots were taken of the tracking of each target utilizing both line-by-line av-

eraging with grey-scale restored, small template and search scene, target location

based on highest correlation peak, and no image preprocessing, adaptive template

with full scene search, with correlation plane postprocessing to determine target lo-

cation. These snapshots were taken at approximately 6000 meters range, and the

final frame of each target in each sequence. The snapshots, shown in Figures 27, 28,

29, 30, 31, and 32 clearly show the difference in tracking ability between the two

methods.
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Figure 26. Frames showing the departure of Sequence 1, Target 3 from the sensor's
FOV.
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Figure 27. Snapshots of tracking Sequence 1, Target 1 using (a,c) no image prepro-

cessing, adaptive template with full scene search, and correlation plane

postprocessing to determine target location, (b,d) line-by-line binri-

tion with grey-scale restored, small template and search scene, target

location based on highest correlation peak. (a,b) taken at range of 6010

meters, (c,d) final frame of designated target.
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Figure 28. Snapshots of tracking Sequence 1, Target 2 using (a,c) no image prepro-
cessing, adaptive template with full scene search, and correlation plane
postprocessing to determine target location, (b,d) line-by-line binariza-
tion with grey-scale restored, small template and search scene, target
location based on highest correlation peak. (a,b) taken at range of 6010
meters, (c,d) final frame of designated target.
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Figure 29. Snapshots of tracking Sequence 1, Target 3 using (a,c) no image prepro-
cessing, adaptive template with full scene search, and correlation plane
postprocessing to determine target location, (b,d) line-by-line binariza-
tion with grey-scale restored, small template and search scene, target
location based on highest correlation peak. (a,b) taken at range of 6010
meters, (c,d) final frame of designated target.
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4.5 Locating Other Targets

While the targets were being tracked using correlation plane postprocessing,

the method of pattern recognition developed by Lt. Troxel (14) and discussed in

Section 3.7 was utilized to try and determine the locations of other potential targets

within the sensor's FOV. For a location to be considered a potential target, it must

have been within a small number of pixels of a location found by this method in

the previous frame. Again data was collected for three image preprocessing options.

These options were scene averaging with grey-scale restored, edge extraction, and no

preprocessing. For each of these, the percentage of frames in which each target was

correctly located as a potential target while another target was being tracked was

determined. Table 5 shows the results that were obtained when scene averaging with

grey-scale restored was utilized. Table 6 contains the same data for edge extraction,

and Table 7 contains the data for no image preprocessing.

Table 5. Percentage of frames where other targets were located when scene aver-
aging with grey-scale restored was utilized.

Target Tracked Other Targets
Target 1 Target 2 Target 3

Sequence 1, Target 1 - 89% 90%
Target 2 57% - 58%
Target 3 44% 35% -

Sequence 2, Target 1 35% 79%
Target 2 68% - 37%
Target 3 68% 37% -

Tables 5, 6, and 7 show that while this method of other target identification

was not overly successful in all cases, it was able to correctly locate many of the other

targets in excess of 75% of the sequence frames. As was mentioned in Section 3.7,

other target location was dependent oli having identified the location of that target

as a potential other target in the previis frame. Therefore, this algorithm did not
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-: Table 6.. Percentage of frames where other targets were located when edge extrac-
tion was utilized.

Target Tracked Other Targets
Target 1 Target 2 Target 3

Sequence 1, Target 1 - 45% 58%
Target 2 4% - 0%
Target 3 47% 31%

Sequence 2, Target 1 - 18% 42%
Target 2 0% - 0%
Target 3 2% 0% -

Table 7. Percentage of frames where other targets were located when no image
preprocessing was utilized.

Target Tracked Other Targets
Target 1 Target 2 Target 3

Sequence 1, Target 1 - 77% 92%
Target 2 5% - 58%
Target 3 0% 42% -

Sequence 2, Target 1 - 7% 87%
Target 2 0% - 2%
Target 3 2% 14% -
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attempt to maintain track, but only identified those frames in which the location of

the other target was identified as a potential target in two consecutive frames. While

some of the best results were obtained with no image preprocessing, the option which

utilized scene averaging with grey-scale restored had the best overall performance.

While the performance of this method was not perfect, the amount of additional

processing required to accomplish it was minimal. Meanwhile, the potential benefits

from knowing the locations of other targets could be tremendous. The ability of a

system to identify those other targets, choose the highest priority target in its FOV,

and change track to the highest value target could be extremely beneficial.

4.6 Summary

This chapter has presented the results obtained through this research effort.

The ability to track a target in the presence of multiple targets utilizing correlation

plane postprocessing was demonstrated. Also, the ability of this algorithm to reduce

the tracking error by 63% and to eliminate the effects of correlator walk-off by

reducing final frame errors by 94% and maintaining final frame errors less than the

average error over the entire tracking sequence was shown. Finally, the ability to

accurately determine the locations of other potential targets in the sensor's FOV

was addressed. For the overall best results, the techniques which utilized no image

preprocessing, an adaptive template with the full scene searched, and the correlation

plane postprocessing described in Section 3.6.2 were found to be the most effective.

Chapter V will present the conclusions reached during this research and will

make recommendations for potential future research efforts.
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V. Conclusions

This chapter presents a brief summary of this research, provides conclusions

j7I based on the results obtained, and recommends areas for future research efforts.

5.1 Research Summaryj

Their were four major goals of this research: 1) to track a target in the presence

of multiple, similar targets of interest; 2) to reduce the tracking error encountered

by Capt. Law (10) in the previous correlation based tracker research; 3) to reduce

the effects of correlator 'walk-off' in the tracking algorithm; and 4) to identify the

locations of other objects of interest while tracking a designated target.

The first goal was met through the use of a correlation plane postprocessing

technique. Based on the assumption that the target changed little from frame to

frame, the template'was autocorrelated and the 7x7 array of pixels surrounding the

peak was extracted. Since the template correlated with the target in the next frame

was expected to have a correlation peak of roughly the same height and shape, the

template-scene correlation plane was then searched to find the peak which had the

smallest distance in weighted 49-dimensional space from the template autocorrelation

peak. This allowed the tracking algorithm to identify the proper peak, instead of

just the largest peak, in the correlation plane which represented the location of the

designated target. This postprocessing technique, in conjunction with an adaptive

template which set its size to match the actual size of the target (see Section 3.5),

was also used to reduce tracking error and counter the effects of correlator "walk-off."

Overall, average tracking error was reduced by an average of 63% and final frame

errors were reduced by an average of 94%. Finally, an algorithm which utilized the

information generated by the correlation plane postprocessing method was utilized

to identify the locations of other potential targets in the scene.
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5.2 Research Conclusions

This research reinforced Capt. Law's (10) major conclusion that an adaptive

correlation based tracking system can be utilized to track 'real-world' IR imaged

* targets as long as the following criteria was met. The criteria is that the time

difference between two frames was small enough that no significant change in target .'

size or orientation occurred. When this criterion was met, the correlation based

tracking system was able to track a designated target.

The presence of multiple targets in a sensor's FOV presented a unique problem

to a correlation based tracking system which identified the target based on the largest

peak in the correlation plane. Eventually, any such tracking system, whether corre-

lation based or a simple hot-spot tracker, would drift to the brightest target in the

sensor's FOV. However, correlation plane postprocessing offered a means of removing

this shortfall. By utilizing the 7x7 array of pixels from the template autocorrelation

to find the minimum weighted distance of every peak in the template-scene correla-

tion, the best match'to the size and shape of the template autocorrelation peak in

the template-scene correlation plane can be found. Using the location of the best

matched peak as the designated targets location proved to be an effective measure

in maintaining track on the designated target.

The combination of correlation plane postprocessing and an adaptive template

algorithm proved effective in reducing the average tracking error. This research

significantly reduced the tracking errors encountered by Capt. Law (10). At the same

time, where Capt. Law, through testing different image preprocessing techniques

and using the largest peak in the correlation plane as the target location, found it

necessary to preprocess the input images in order to keep tracking error low, this

research found that the combination of correlation plane postprocessing, the use of

the template autocorrelation peak size and shape to find the best matched peak in

the template-scene correlation plane, and an adaptive template worked best when
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no image preprocessing was utilized. This represented a decrease in the overall

processing time for each frame, and was therefore considered to be very desirable.

While reducing the average tracking error, the combination of correlation plane

postprocessing and an adaptive template algorithm also proved effective in combating

the effects of correlator walk-off. Although correlator walk-off is a random error, it

"impacted Capt. Law's research (10) through an increase in total error as the sensor

platform closed in on the designator target. This led to large tracking errors in

the final frames; errors much larger than the average tracking error of the system.

However, this research yielded very small tracking errors in the final frames; errors

which were smaller than the average tracking error of the system. This demonstrated

that the new algorithms were able to compensate for correlator walk-off.

Finally, this research demonstrated that while utilizing correlation plane post-

processing to accurately track a target in the presence of multiple targets, that the

information generated can also be used to determine the locations of other targets

.of interest within the sensor's FOV. While the algorithm to accomplish this was not

perfect, it sometimes, an average between 20% and 58% of the time and sometimes

greater than 75% of the time, was effective as a means of potential target location

identification.
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Appendix A. Adaptive Tracker Program Execution

In his thesis (10), Capt. Law described the operation of the two C language

programs in detail. This section provides a brief overview of the programs operation,

and discusses the selection of new options implemented during this research effort.

To run the C language programs, the SUN computers must be operating the

OpenWindows environment, and two separate command tools must be opened. The

first of the two programs to be executed must be 'trac-menu' (see Appendix x).

Once this program is running, 'trac -prgp' must be executed in the other command

tool. The second program then asks the user whether or not images are to be

displayed on the monitor. The operator who selects 'no', then has the ability to

temporarily interrupt the program later when it is running and place it in the systems

background to complete execution. This allows other users to operate the terminal

while the programs are running.

Two other changes were made in the operation of the programs. First was

the addition of the edge extractor option. After selecting an image preprocessing

method, the operator was given the opportunity to select edge extraction also. The

edge extraction would always occur after the initial preprocessing of the image.

The second change in the programs was the addition of the two new template and

search scene size options as described earlier in this chapter. It should be noted that

the small, medium, large, and adaptive template with small scene options all base

tracking on the highest peak in the correlation plane. Only the adaptive template

with full scene option implements the correlation peak analysis algorithm and the

tracking of other potential targets algorithm.
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Appendix B. C Language Computer Programs

B.1 TRAC-MENU.C

S/,ee~eoeeeoeeoeeneooeeeoooeeoeeoeeeoeooeeoeeeoeeeeooooeeeeee~eee/
Ise T'IAC.I.U.C 5 /

0 TU-/

SAIR FORCE ISTITUTE OF Tr OLOaY 0/

/0 A PIROCESS TO EDNALE CWOMCATIUN ariu USER AN PROGR AM/
I0 by Capt Paul D. Law .
/0 October 7. 191/

Io modified by 51
I/ Capt Dennis A Nontera /
I. , 1W2 0/

/. 0/
/0 M2

/* This Is the first of a pair of programs which must be ran e/
/* in unison in order to implement the adaptive correlation S/
/- tracking algorithm. It comfigures the program'@ required -/
/0 files and variables tor initial operation and provides the ./
/0 menus and prompts which enable the user to comunication -/
/e and control the overall adaptive correlation process.

#in clude (stdio.h>
liclude <stdlib.h>

-ain()

FILE *dpl. *fp 2 ;
Int character. I, z.value, y.value. delay. step;
double z.coord. y.coord;
char string•[0i , temp[6S. temp2[5J, opt I n', choice;
char twmp. state, response, on* '1'O. off '01. makadir[643;
char cleoan.up[128. FOS. it. size, binary, edger a *n;
float factor;

--------------------------- 5
/* Create directory under tap. e/
/0--------------------------5
strcpy(nakedr. ".ukdir /tap/trac");
system(makedar);

/0--------------------------------------------------/
/s Ensure initial program environment is not correctly. e/

/0--------------------------------------------------/
if((Ipl - topen("croshair.ddata". "r")).EU•LL)
{

printf("File crowshair-data not found!\n");
ezit(i) ;

fclose(fpi);

if((fpl a fopen("blank.320z499", "r"))w-NULL)

printf ("File blank.320x49" not found 'n");
zlt(1) ;
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if C (2 - opua(w/%WItr&C/$taztl-fIAr."v" UU

printt("Exror opening /tmp/trac/vtarti-JlagI1W);

t4utc(oft. 1 p2);
tcloa.(4 2);

if ((f1 a f~p~u("/tmptren/start2..tIag". Ow'))UULL)

priatf (*zrTr opening /tup/%rac/wtart2..fqIaI").
ozit(1);

fputccotf . 41l);
tclosoe(41);

if ((2 a I open("/tm/Itrec/wtart3-jlsg". *"v) )-"IlL)

printf ("Error opening /top/trac/stuxt3..flag!%z").
ezit(1);

tputc(of 1. 4p2);
I ci...(4p2);

if C(pi a Iopeu("/tmp/trac/EOS.f lag". "v") )-NULL)

printf ("Error opening /tap/trac/EOS.f leg' \n");.

fputc(oft. 41I);
fclou.(4il);

if ((42 - fopekn(-/'coplcrecloption..flag". "w') )**N=L)

printf ("Error opening /tup/trac/optian..flag!\z");
exit(1);

4tptc(off. 4p2);
I close(f p2);

if ((41 a f open ("Itopltraclstate-.f lag". "a") )"NULL)

printf ("Error opening Itap/traciutax...Ilag!\z"):

fputc(off, 41l);
Iclose(tpl);

if((tp2 a topen("/tap/trac/stat.4mf oll nv"))--FULL)

printf ("Error opening Itopltraclatate-inf o! WI");
ezit(1);

Iputc(Ir'. 4p2);
tclon. (42);

iI ((41l a fopen("ItapItrac/coordm..flaog..". 'a") )..IUL)

printf ("Error opening Itop/trac/coord-f lag- 1! \n");
*Zit(1);

fputc(oII. Ipi);
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fcl..eCfpi);-

IfCCfp2 0 fopenC/t'/trac/coord., .flag,. 2" wv)),owo/,L)
{

priatf("Lrror openingtmp/trac/eoeri.fle4.21%n)2
ezit~i);

)

tputcCoff. fp2);
close(fp2);

strcpy(cean.up. Oro -f It/mptrac/*");

I0 Prompt user to execute the progr-m trac.prgm. o/

print fC'c(".€" \007' )

Puts("/* This adaptive crrelatiom tracking algorithm /);
puts("/, requires the concurrent execution of a second e/);
puts("/* program. To ensure proper synchronization and e/");

puts("/* achieve optimal systom performance, thim add- e/");
puts("/* Itional1 program must be executed in this my.- e/-);
puts("/* tm's foreground mode. Open another comand WI-);
puts("/* window (Command Tool) and execute the program eI");
puts("/* 'tracoprgs' in directory ... /plaw/research. o/-);
puts("/* ---. . . . ..----------------- ----------------------- ;

do
{

if((Ipl - topen("/•mp/trac/otartll.flag". "r"))u-nULL)
{

printf ("Error opening /tmp/trac/stertl.flag!\n");
azit~l);

/----------------- ------------ - --------- 0/

/e Chock a file repeatedly till content equals 1.
/0 -------.-.---..-..........-----------------------

temp a fgotc(fpl);
while(tep!Mo!n)
{

fcloso(fpl);
if((tpl fopen("/tmp/trac/start1-f lag". "r"))--ULL)

priatf("Error opening /t'p/trac/sta-tljflag!\n");
ezit (1) ;

}
tamp - fgotc(pl);

}
fclosoe•p1);

if((f p2 w open(C"mp/tra•/strtioflag", "v"))-INULL)
{

printf ("Error opening Itmp/trac/wartl..flag!\n");
ezit 1) ;

fputc(off, fp2);
fcloso(1p2);

/0-----------------------------------------------
/e Display targeting prompt and road keyboard input. "I
I*-----------------------------------------------/
printf ("Itn. ' \0071') ;

printf ("/----------------------------------------
printfC(I --------- *At");
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printf("/* This program is currently operating in");
printf(" the O/AM);
pri•Ltf(I trfre-run nod* (onl7 the Image field-of");
priat ("-views */%A");
priat•fC'V are being shomned with so target being");
prinat(N track- 0/%n");
printf(W/6 .d). The available options are: 'It' to");

priott(" activ- */A");
printf(/e ate the targeting node, I' to skip (b");
priattf(-pamss) eI\5u);
print!(0/s a portion of the imago sequence, or 'I");
priatt(" to A/n");
prinatf("/I exit from this progrem entirely.
printf(" */"o)
pri tf (1- - ;------------ -------
printf(" .---.-- */\ ");
printfC"MaZnter desired option: ");
gets (string);
state a string 0•3;
state a tolooerCetate);
.hile(1tate"eo &A stateOlwtp L statOew*'u)
{

printf("c\n". 1\0071) ;

puts("Target or Ezit?");
priatf("Enter first letter: 9
gets (string);
state , stringtOj;
state t tolowerCstate);

if(state,'' )
{

printf•(lc~", \0071):
print!("Number of images to be by-passed: ");
gets (string);
step & atoi(string);

}

I0------------------------------------------------I
/* Pass selected option to tIrac.prgop and reset f•l•g. .
I0----------------------------------------------I
if((fpl a Iopen("/Atp/trac/lstate-.inao". "r")),,,ULL)

printf ("Error opening /tap/trac/state-.in•o! \");
exit(l);

)
fprintf(fpl, "%c\n". state);
if(statesels')

fprintf(fpl, "d\n". step);
)

fclose(fpl);

if((fp2 a fopen("tAp/trac/lstate_.fla. "") ).IULL)
{

printf ("Error opening /tIp/traclstate.fl&g!\z");
ez:t(1) ;

)

fputc(on, fp2);
1close(fp2);

/0 ---------------------------------- S

I/ Exit program if last image has been "I
/e processed or per user's request. -/
/0 ------------------------------------- /
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printI(3Tror oen~ing /tvip/trac/305..fls1mgw);

3US a fgeteCtpl);
if(farror~tpl))

printfCUr~or reading trai /top/tracI3O5-jlagI~z");
ozit(1);

f close Ctp1);
IfC~p WP a epeW(/tmp/trac:/9Wjl&C"* "r"))-mIL)

printf ("Error opening Itmp/%racIEOS-fl..gw \n");

305 w fgetc(fpl);

2closestpl);

if (ZSwoon)

system(cloan..up);
prixtf("%c\n". '\0071);

printf( ------- e/\a");
printf ("/* This program has b~eat terminated sitho");
printf("r in re- e/\n"),
printt("/* sponse to the user's request or becaus");
printf e the eO\n");

pit(".digitized images for this sequence bas");
printf(" been. */%n");
printf ("/. exhausted.
printf(" *a)
printf ("/*---------- - -- ---------------

priutf( ---------*/a)
exit(0);

if((fpl ft Iopen ("/tup/trac/stat.-ftI ag". "r'))--VJLL)

priatf ("Error opening /tap/,trac/ steats..flag!nW):

------------------------------------------------ S
I. Check a file repeatedly till content equals 0. w/
/*-----------------------------------------------C
temp a fgetc(fpl);
UhilG(tewp!.Off)

fcloue(fpi);
if((fpl a lopen("ltmpltraclutate..flag*'. "r*'))w*NULL)

printf ("Error opening /tap/trac/state-flag!\n");
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temp a tg•tc(fpl);
)
fcloes(fpl);

prlatf(c•z", -%0071);

pritf ("I. To select a talret, aligp the cross-");
priatf(whair of */ )-);
priatf(w/I the mouse on the target of Interest.")l
prWaft(" Observe */%a*);
priatf("/s the corresponding x- and y- pixel co");
priu•tfC'ordlaats */A");
printtC/e shown on the lower portion of the dl");
printf("splay wia- */W-);
priatsf (/ do0. ater theme coordinates at the"),
print (" prompt o/Wn);
priatf("/s below.
printf(" */");printf ("I* ...................................-- )- ;

printf(" ----------- s/\n");

/ - -.-----.. -.....------------ - -
/* Retrieve user inputted target coordinates. /
/0 ------------------------------ -/------si
do

prinat("nEnter the z- pizel coordinate: ");
if (gets (t•pl)-ULL)

printf("EZror reading in z-coordinate!\n");
exit(1);

printf("aEnter the y- pixel coordinate: )
if (gets (tsmp2)nULL)

printf ("Error reading in y-coordinate!\n");
.zit(1);

Z.value a atoi(tespl);
Y.value a atoi(temp2);

/0-----------------------------------------/
/0 Co.n.irmation of Inputted target coordinates. */
Ie---------------------------------
printf ("%c\n". ' \00T,') ;

print ("\nTroget coordinates aro:\n");
printS("z n Ud. ", x.value);
printS("y a %d (Y/1) ..... y..value);
gets (string):
response a string[O);
response w tolower(respouse);
while(responseowy && responmeo:n)

printfP("%tc\z", '\0071) ;

priantM("aTarget coordinates are: \n");
printf("z a %d, ", z.value);
printf("y a %d (Y/I) ..... ". y.value);
gets (string);
response a ootringEro;
response a tolover(response);

)while(response :.y,);

prin~f("%c\n", 1\0071) ;
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priat!("/e The following Imago processing tochn");
printt(Niques can sAn");
prizt! ("/* be applied to this adaptive correlat");
priat! ("s. track-sn)
priat!("/5 ing algorithm.
printW *A")
print! ('Is
print! C" en
priztf("5' A... .Dineaization normalized to 255");
printt(". OR)
priat! ("/o

print! C" *AM");
priatt("/ I5.. .Iinarized with image gray-scal");
print! C"o added. e/%n");
printtC"/
pristf(" *a)
print! ("/* C... .Trutbod target regions. (from )

prixkt!("$-i~a) OAn");
print! ("/s ')

print! (" *Ano):
print! ("/* D. . .Trutbed template w/ unmodified");
print!(" scene. s*n");
printf("/* (Valid from S-Il.)
priztf(" *n)
printf("/*
priat! C" *An");
priatf("/C E. ... Blended images. (Dinarized) )

print! C" *An");
print! ("is
printf(" 0AM");
printfQ'/* F. ...Dlended images. (Gray-scaled a");

print! ("/o
print!(" *A~n");
priat!("/* G .. Imago correlation without ecka");
printf("ncoemnts. *An");
print! ("I"
printf(" ri;
print!("/* B .. .Optical adaptive tracking sinui");
printf("ation. *An");
print! ("I"
Printv!("")
printf("/*----------------------------
printf( ------------ eU)
print! ("%n~nter desired option:")
gets (string);
it *string(O);

it -tolower~it);

prizt!C"Entar option A, B, C, D. E, F. G. or H...
gets (string);
it *stringtO];

It *tolower(it);

printf("Dinari~ze via: A) Line-by-line avorage\n");
print!(" 3) Scene averago\tn);
printf(" or C) Cline Dinarization? . 1)
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bimaaZ - striMgCO3;
binary a tolower(bnaery);
wkfle(binaryla'al Ub binamyleb' L biaarytwoc')

printfM"~n". '%DOTI);
prlatfC(htar option A. N. or C... in);

gots(strinmg) £

binary - strlagCoj;
binary a tolewer~binary);

if~abrymoraz7') binary w In'

printf(Z~n". 1%0071);

printf("/e The binarization threshold for this )
printt ("program is *Aaft);
printf CI. computed as I'threshold* (f actor z tbr");
prirntf('teshold)'. e/\n");

pritf("I.O To vw7 the threshold, enter a value");
printf(O for the */An");
pri~ntf ("/* variable 'factor' (values must be bet");
printfQ'.weea -1 e/\n");
priatt(mIe and 1). i)

printf("ern)
printf("/e- -- ------------------------------- i)

printf( ------------*x)

printf ("Enter a value between 0 and 1:
gets (string);
factor a tato (striag);

prnf} ~ ",107)

printf ("Use edge extractor (y or a)? \n,');
gets(striuag);
edger w string[0):
edger - tolover(edger);

printf ("I -------------------------------
printf("- - -------- */\a");
pri~ntf ("Is The teomplate and scene sizes can &Is-);
printf("o be chan- e/\n");
priatf ("I. ged. The available sizes are:
printf(" *A~n");
printf ("/*
priutf(" *An");
printl("I L. .. .Temlate(64x40) end Scene(192--);
printf ("z120) */\n");
printf ("t/.n)
printf(" OC)
priatf(*I. N. ...Temiplats(4WB2) and Scene(1161'):
priatf("z72) *Aza");
printf ("/s
printf(" OAn");
printt ("/s S... .Tamplate(30z19) and Scene(e0z');
printf("38) *a)
printf("/s
printf(" /n)
priatf ("/5 A ... Adaptive Template and Small S1");
priztf("cene Aa)
priatf ("Is
printf("
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priatf ("15 F... Adaptive Tomlat. and Fill Sew);
priatt ("me DAn");
priatf ("/ )

printf(* ~ )

priatfQ'\ainter desired option: )

g tosmtriag);
iZe s triangC02;
:sie* tolower(size);

priatf ("Enter option L. K. S. A. or F ....
gets~strimg),
size w stri&gE0l;
size a tolower(size);

if( Cfp2 * fopen("Itap/traclcoords~izlo...V. "w-))"*VULL)

priatf ("Error opening /tup/trac/coordsi~nfo.1ii\nw);
exit(1);

Tprintf(fp2, "%d\nld\alc\n". z.,s.2ue, y.wsalue, it);
fpriutf(fp2. "%.f\n~c\n". factor. size);
tprintf(f p2. O~c~nlc\=n. binary. edger);
fclos*(fp2);

if( (tpl a I open ("/tapltraclcoordu.-fl mg- I". "w"))-NULL)

prin~tf("Error opening /tmp/trac/coordz .fla~.. ! \n");
exit(i);

2putc(on. 41l);
fclOSeOfPI);

if((Cfp2 a I opam( C "tapltrac/coords Jlag..2". "r-)-) SUL)

priatf ("E~rror opening /tap/traclcoords-flahg-V.2 ,

------------------------------------------------ 0/
Is Check a file repeatedly till content equals 1. e/

/* ------------------------------------------ I
temp - fgetc(fp2);
while(tempS-on)

fclooe(fp2);
if C(fpl * I open("ltup/trac/coords -f1 ag- 2" , "r") )**NUL)

printf ("Error opening /tapltraclcoords-flag..2!\n");

tamp * fgotc(fp2);

f close Cfp2);

if((fpl - lopen("/tmp/trac/coords-jlag..2".'v)..VU

printf ("Error opening Itup/trac/caords-II&&-2\c'*);

fputc(off, fpI);
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fcloee(tpl);

/9 Retrieve range. target atomber * and true ceater-of- e
to target coordinates from the prop..i Itrac..prp. eI

if((fp2 a topen("/tW/trac/coords-ingo..2". Orm))-MILL)

puts(*Krror reading from /timp/trac/coorda.,info..2 ")l

to tgetc(fp2);
it Ct.v I soft)

tgets(string. 125. tp2);
fgots~utring. 125, fp2);
z..coord aatof(stziag);-
Igsts(string. 125. tp2);
y..coord o atof (string);
fgets(xtring. 128, 1p2);
character a atoi~striag);
Icloso(tp2);

/0 ----------------------------- I
I. Give the user the optic., to track m/
/0 as the true center-of-target. 0/
/*------------------------ -------

printf("e'ses TARGET RANGE: %d". character);
printf(" meters e~ssesn)
priatf ("Inputted target coordinates");
printf(" were: z a U., y a 7dn". z..walue, y..va1lue);
printf("Tzue canter-of -target Is at: ");
printf("i a U.1f.l y a Sl~~" x..coord, y..coord);
printf ("Track on center-of -target instead?");
printf(" (YIN) ....
gets (xtring);
response a striag [0);
response a tolower(response);
whilo(romponae~uyl U responseoWn')

{rnf"cn.107)

printf ("Wa~rget coordinates are:m)
priatfC"z - Ud. ", z-value);
prlztf("y - %d (T/E) ..... y..wslue);
gets (string);
response - string[0);
response a tolower(responme);

------------------------------- I
Is Pass user's response to program 'trac..prgau.
/0-------------------- --------------------
if C(fp2 m topan ("/tp/trac/coordo- into- 1". "w") )sNULL)

printf("Error opening /tUp/trac/coords -into- 1!W);

fprintf(tp2. "%c\z", response);
f closeCf p2);

i(IfCCpl e lopen ("/UTp/trac/caords -flag- I. 1,v"w*))--WMQL

printf ("Error opening /tmp/trac/coords~flag..1!\n");
exitti);
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fputc(eat. fpl);

if((fp2 a fopsnQ~tmp/trac/wtart2.fleC*, "r'))mDUL)

priutf (nrsr opening /tup/%rac/wtart2..flagI~x*);

/e Check a file repeatedly till content equals 1. 0/

temp a fgetc~fp2);
while(temptmon)

Iclose(IP2);
if (Cfp2 - fopen("/tap/trac/star%2.f leg". "r") )*nsULL)

printf("Ezrrr opening /tap/trac/start2..flag!\n");
ezit(i);

tam a getc(f p2);

I close (1p2);

if C (fIp w fopsn("/tmpltrac/start2..flsg", "w") )--fL.L)

printf ("Error opening /tap/trac/start2..flagI~n");.

fputc(off. fpi);
scicseePIp);

printf(flc\n". '\007');
printf ("Io-----------------------------------
printf("--------------*a)
printf ("I. This program is currently tracking");
printf(" the chosen *An");
printf ("Is target-of -interest using adaptive")
printf ("correlation. @A\n");
printf ("Is Available options are:
printf(" r')
printf ("Is
priratf(" mn)

printf("I* V... .Vary the template and scene v)
printf("indow sizes. eIAza");
printf ("Is
printf("
printf("/* 53.. Change the binarization techn");
priatf("ique. */An");
priatf ("I.
printfC" In)
printf("/* T. .. .Vary the binarization thresho");
printf ("14. MI~n");
printf ("I.
printf("
printf("/* I... Select a different target-of-");
printf ("interest. eArn");
printf.("I.
printfC" /Z)
printf("/e E ... Exit fro, this program entire");
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------- --/-- -

priatfCNinIater desired option: )

gets(string);
opt a string £02;
opt . tolooerCopt);

/o Check repeatedly till a valid option was chosen. 0/

whilo(OPtl*'' Uh @ptla'v* A& optles'a &A optleto U optler'bl)

printtC~cU". 1\0071);
puts(*Viadow. binary. Threshold, Now, or Exit?");
priatIC"Eater the first letter of choice: 0);
gets (string);
opt a string £02;
opt a tolover(opt);

choice a apt;

if (opt".1'V1

'C af ck" \0T)

puts(*Snall. Medium, Large. Adapt/Small, or Full/Adapt.");
printf ("Enter the first letter of your choice:")
goets(string);
choice - string[0J;
choice a tolower(cboico);
WhileCchoicoel's' choicel.'.' A& choicaIs'l' a& choice,-'a' U choicol-*f')

prnf ck" \07)

printf ("Enter option S. X, L. A, or F...
goets(string);
choice a string £02;
choice * tolower(choice);

opt a 00';

if(opts'lt')

printf ("Please enter a value between 0 and 1...';
gets (string);
factor a atof(string);
opt - '0';

if(apt-o'b')

printf("%c\n". 1\0071);
printf("A) Line-by-line. B) Scene, or C) Cline?'... 1)
gets (string);
choice - string[oj;
choice a tolower(choice);
.hile(choicef.'a' Uk choice!w'b' kk choice!*'c')

printf~fc\m", 1\0071).
printf ("Enter option A, B. or C... 1
gets(string);
choice , stringto2;
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choice a tolewer(choice);

if(choicemin'e) choice
opt a oo

tiC(4f2 a topea("/tp/trac/optioa..Lugo". Ow"))awUULL)

priatf ("Error opening /tmp/trac/optioa.,aot \m");

fprintf(fp2. "%c~n*. choice);
iftchoic.'It')

fprintftfp2. "Mma", factor);

f close Cfp2);

if((fpI - fopen("/tmp/trac/optionflog". "v"))awUILL)

printf ("Error opening /tap/trac/optionaflagl\n");
exit(1);

fputc(oa, 41P);
fclose(fpl);

/0------------------- ---- 0

/a Ezit program if last image has been */
/* proce~ssed or per user's request. 0/
/0-------------------------------------.a
if (fpi f open("/tmp/tracIEOS.f lag". "tr") )w--ULL)

printf ("Error opening /tapltraclEOS..11a&!\n"):
exit (1)

105 & fgetC(fpl);
if Cf rror(fpl))

priatf ("rror reading from .'tapi'trac/EOS.f log!\"
exitCl);

if(opt--'e')

whileCEMS!on)

f close fP1);
if((pl * fopen("/tmp/trac/EOS.flag.., "r"))X-ULL)

prirtf("Error opening Itmp/tracIEOS..flag!Wn);
ezit(1);

105 - fgetc(fpl);

IClOSeOfPl);

if (lOS" "n)

system(cleaa-up);

printf ("/*--- ----------------------

printf("----------*a)
printf("/e This program has been terminated elthe");
primtf("r in re- *Aa~");
printf ("/e sponse to the user's request or becaus");
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priatf COe the OIAD");
priat t (/e digitized limages for this **epmte hasa);
priatt(* toom e\am);
priattQ/te exhauisted. )

pristfC'(O -/a

)Whleo(ope-'o');
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B1.2 TRAC-PRGM.C

/ IAC. RM C

Is AIR FORCE INSTITUTE or TECEIOLOOT
I. TRACKS TAXGIT USING TU TSCNIZOUK OF ADAPTIVE C033.ATIOI *

I. by CapPaul D. Law
/s ~October 7, 1991 .

I. ~modifiled by *
I. ~Capt Dennis A. Moutera *
IS S&eptember 1. 1992 C

/e This Is the second of a pair of programs which must be ran .
/* in unison in order to Implement the adaptive correlation .
I. tracking algorithm. It perf orms the required computations, .
/0 manages Mils. and utilizes 130305 Image processing rout- .
Is inos to maniuplate the sequential FLIl images. In general.,S
/0 it is responsible for the overall control of the adaptive e/

Iscorrelation tracking process. .

#include <stdio.h>
#include (utdlib .h>
#include (sys/stat .b>
#Include <math.h>
#include ftime.h>

void line..bimnO;

void mdan(argc. argv)
mnt argc;
char eargv[D;

/* Define mand initialize program variables. m

/a------------------------------------------
FILE *fpI, efp2. *fp3. *fp4. sipS. *fp6. sip7. efpB;
char r2v.cs (1283, pad3..2z5 123). delay (1253. byte-cs (1283;
char displayitov[128). pad4xS..cs[1283. rename0t1283;
char pad4,zS.ps[1283. extr..sl(286). extr..tl(256). M-al(128);
char Ift..[ 128). display..sl(1283. r2v..ps (1283. byte..sl(1283;
char pad266_.sl(128]. pad2S4.tl (1233. display~ti(1283;
char conjug..tl(1283. inv..fit(128J, byte-flip(128). terml (IS;
char extr..sub(266). byte~subE128), byte..iev(1263, state-flag;
char mode a '2'. state - Ir'* opt a 'a'. byte..tl(128);
char add-croos[128). fi~loo2003 (128). b.eztrua2[1283, ase%.
char ps..value(12). k..displ-taiv[1283. k-displ.tl (1233. temp;
char q..flipI28(1283. string[1283. size, k..displ..stI128);
char search[128]. mthd, intru~tl[1263. r2v-old(128). c-orr..mia[123);
char sean-ce(1283. mean..psE1283. copy..tl(1283. copy-..El1283;
char xtat..pk(260], opt..ilag. uulti(128), on - 111 off - '0';
char filsnamseE1283. tru~cntr(200) L1283. rnan.num[1S). cstatE260);
char cs..statE260) * d..sl[128]. t1.4stat(128). al..Sstat[1283;
char eztru-.st(128), eztru..tl(128). istru..sl(128). a..ims[128);
char ps..stat[260]. h.inm (123). gtl..49tat(12&8. gal..4stat(1283;
char ped12B..sIEI28], pad128_1tIEI2A3. q..flip64[128);
char bin..sl[1283. bin..tl[1283. sl..z.bin[128). tl..z.bin(128);
char pad.4displ (128). blend..tiL(28). bland.sl (128);
char hpi-sIE128]. hpf..tIE1283, Pad64..tl(128). pad64..el(12S);
char stat..tlblend[2503, stat..slbleod(2S0) blend-iz.tl(122);
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char blend-i-sSEl12S]. Colz..t1 128). caPlx..sl 1263. term2El5);
char ctl..4sS&tE128). ceI..4statE128), L-padUzSE128). reass.4E1293;
char corr..vst 1262, corT-stdev (128). carr-.maafl128). corm~aa (128);
char q..flip32(128). tl..2r*&I(128). .i..2woalE126) a-.pad3E1281;
char b..p.A4zI1128). c..PaduzS(1283. a..eztru2(1283. strOE12S];
char clr..scrEi28). smnaz7(126). strlE128]. etr2[1263;
char d..pad4zS(1283. a..2&sci(1283 a..2aac2E12&3 a..2aac3(12e3;
char b-2&scl(1283. b..2aac2[128) * b..2&mc3t1283. a-2bytei(1283;.
char b_2by-telt1263. a..ertrul[128) * b-.eztu1(1283. &-.padl1(28);
char b..padl(1263. &_oeztrtE1283. b..eztrl (1283 * a-.2yiffE1203;
char b.,2witf (1283. a..ertr2EI263. c..padl..4u(1283. b..paA3(l283;
char 4..padl..4i81263. b-oztr2E1283, targ..fil*E(283. zema=63(1203;
char CmosA[163* Cvar[15) * CIAz(15)* -i1-L153, Cstdev(15) * c2realE1283;
char ..... ultIE128), b-multi(1283. copy..csEI283. copy..ps[1283);
char rbin..tl(1262, rbin..el[i25). a..2byte2E12S2. b..2byto2E128);
char bin-state w Wb. ca..padWzO1283. pe-padUz6(l283, end(S);
char e..meanE1283. t-4seezE128). s tat..csE2603. stat~po(260);
char hi.poE(1283. bi..csE(283. aam*1(1283. dyni..sl[12&);
char dyni-tl[1283. and-sl 128). and-.tl(1263. dynL2-ol[1283;
char dyn2-tlIE283, cpy..cx(1262. maaa2[1283. stat..stl (250);
char rensaae2(128) * plotnane[l28). Etat..esiL2SO. renamel (128);
char diupl..flle(1283, savehmg[i28). term3[S03. padtl(1283;
char r-orrtt(300). corrts(300], display - I'
char extr- cross [1283. pad..croes(128). cut.crous[i28], tempo[1283;
char pad&12..ai[i283, padS12-,tIE1283. fft..t2(i283;
char ortr..vin[128), ofeder = Wa;
in% cycle a 0, pass w 0. count a 0. run w 0, character, r;
int x-waauo, y..vaaue. z..teru, y~term. tart-Snu. height, width;
int intagi. int*52. index a 0. curr..z. curr..y. currh.h a;
int curr.w, ol&.z..tempi. old..y.tempi. old..z..cenei. step;

Lot st..maz. st..min, tb,,maz, tb-sin. total, sun. value;
int Swap. x..coord. y..coord. i. J. k. 1. aL, a. z.Pea~k. y..poak;
int pad~size a 128, offset - 26. length. tr..info. tr..info;
int xzeconel, y..scenei, Z,.templatei, y-tmplatei, li.mit;
int Y..templatei.siz*. z..templatei..eizo. Y..sconel-size. digit3;
int z-ocenai-size. y-dimplay..eize v 200, x..diuplay..eizo a 310;
int z..display. y.,display. times - 0, jobi. job2, job3 - 0;
mnt high.o..ps. high..o.cs, number, condl. cond.2, digiti, digit2;
int zy(49J (320) * pointer. Icon, ycen. cxx, Cry, tix, tyy, fact;
int &1, a2. bi. b2. ci, c2. dI, d2, xx, yy;
ist tARPi, tapy. count, xPnt. YPnt. xlen. ylen. zedge. yedge;
int ztar[20), ytar(202, holdx(20). holdy[20). permx, permy;
float blend-sean. elmsean. ti-mean. factor - 0.16;
float cortemp(7) (73. cardata[499) (320). tempdata;
float bolder2, norul * norm2 * norm3, s orst * noruc;
double result, distance, mean. numbi, numb2. angle;
double pie o 3.141692663689793;
double twvalve, power, Apower, tt..npover, tt..power;
double at-apower, ut..power, tb..pover. tb-npover. aoan.o..ps;
double mean-o..cs. t..npr, t..pr. *..npr. x.pr, pr, Upr, error;
double xf..term, yf..term. xf,.coord, yf-coord. f-teup, zf..peak;
double y-f..pak, fvaluel, fvalue2, zf numb, yf..numb;
double zf.cntr, yf.,cntr, outI, out2, ou%3. out4, outS, out6;
double out7, outS, tempnp, teMp..p, scon-U..p scon-p. factor2;
double corrvar, crrymean, corrstdev, carrmax, corrmin. check;
double percent. holder, diet, aMeerr(20);
double normal 1, norual2, norm&l3, normalc, normalt;

------------------------------------------------ I

/eCheck. for base filename of the image sequence S
/e and ensure Itracmenul has been executed. *
/* -----------------------------------------------
if((fpl a fopen("Itmpltrac/etartl.f lag". "r"l))eNULL)
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printf('l•%". '\007,);

purts(•/* This is the second of two programs which */);
puts("I/ maut be executed in unisom in order to In- O/");
puts(-/* plument the adaptive correlation tracking W/");
puts("/ algorithm. To ensure correct soyachroi•at- M");
puts(*/e ion, the first program Itrac.memnu' must be OM1);
put@(-/* running in the system's foreground mods 0/0);
puts(•/I prior to the execution of this program. .1-)
puts("*I Open another command window MCumsad Tool) W/);
puts(*/* end execute Itrac.menu' located in the e/S);
puts(-/e ... /plew/reeiarch directory before attemp- e/-);
puts("/e ting to re-execute this program. OP);
puts("/* ..............................------ .. - /");
pri•tf ("n");
exit(•1)

}

if (ergc<2)
,(

print'f (c%\n". 1\00' ) ;

puts("/, ------------------------------------------... ");
puts("/* Incorrect command syntax or missing bse WM");
puts("/e filename! The correct form of the comand a/");
puts("/e is COUIID BASEXUAEe.EXT where baseness in O/");
puts("/* the portion of the filens"e which is com- OI");
puts("/O mon to a group of image files. For example */">;
puts("/o the base filename for a sequence of image W1");
puts("/e files with names Ob3010.piz to Ob3080.pix SI");
puts("/* is "23e.pix. As-executo this program with O/P);
puts("/* the correct syntax and base filename. V/");
puts("I/-- -------------------------------------------- P");
printf ("\");
exit'(1) ;

)

fclose(fp1);

/W--------------------------- S
/I Determine it displays to screen - */
/e must be 'no' to run in background .1
/I--------------------------------- 0/
while(display!"'7y &A display 'n')

priaft("•lc", 1\007');
puts("Displays on screen (Y or N)?");
gets (string);

display 7 string(l0:
display - tolower(display);

)

for (U - 0; xx <- 19; -. x) C
h.old [zx) a 0:
holdy[ux] - 0;
ztrECzz) - 0;
ytazrxx) a 0;

)

-------------------------------.-
/a Dotermine name of file containing -/
/e true target location information. 5/

/0-----------------------------------I
s.tpy7string. arLpt"(1);
length - strlen(string);

forCI-O; (length - 10); 1.*)

81



flemamseW a usringWl;

for(kwOI W(leagt - 13). k+*)

naeICk tringFWk;

for(jmO; JO; 44

same2EJJ - striag~k * J];

for(JuO; JC3; J+*) run..ninwlJ filemameti 3 S *3
run.mLj m *J %OlII
strcat~filemame. 0-tra-catr");

ifC((tp2 - fopea(f iloname. fr"))UULL)

printf("Error reading from %s tn" filename);

fclose(fp2).

/0---------------- --------- C

/a Determine target range from image filename. S
----- ---------------------

for(1-0; i((argc - 1);1.)

strcpy(utzing, argv~argc - Ui * 0)3);
length a strIen~string);
for(JuO; J<6; J++) tormljJ] a stringtlength - 9 *3

fr..info a atoi~termi);

/0-------- ------------------------------ /

Is Search for matching range information '
I. in the image truth data file. S
/0-----------------------------
sprintf(search. "grep I' 14 %90s" fr..infe, filename);
strcat(search. f top/tracltemp..tzt");
syste(soarch);

if ((fp4 - ftopen ("/tm/trac/%amp.trt". "r") )-N=)

pristf ("Error reading ItuW/trac/temp.tzt! Wn);
ezit(1);

/--------------- - ----------------

I. If found. store the target locations. .
Is else store the predetermined number 0. e
/0------ --------- - -------- ------- /

if~fgeto(search. 128. fp4)-XULL)

strcpy(search. teral);
strcat(soarch. " 0.0 *0.0 ;0 *0 ;0 ;0");

strcat(search, " 0.0 *0.0 ;0 *0 ;0 ;0");

strcat(search. " 0.0 *0.0 ;0 ,0 ;0 ; %")

for~juO; J<128; J**)

files LCj) ai string Ci);
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tru.catrWl Ei) - marchEJ]

fcloa.(tp4);

/* InitiaLse UOPMS sub-rout ib COEAad Etrias. .

strcpyCr2v..ca, Oravvitf -1 /top/trac/cuzremt..cme )

strcat~r2v..cs. N-o /t"/trac/scene1..vitt -1 0 -t byte -at 'Local Machine' )
*trcat(r2v..cs. 0-r 320 -c 499");

strcpy(p&03.2&6, "wpad -1 Ito/tracIc~ama.,iff )
vtrcat(pad3..2z6. R-. /taip/tracscmesl-pad..3.2mb -r 320 ');
strcat(p&0_.2z5i. ft-c 500 -4 0 -a 0 -j 0 -k 0");

strepy(dolay. "vreuize -1 /uip/trec/sc~m.1..pad..3.h5 ")
strcat(dolay. "-a /umptrac/sces.1..resize -h I -v 1");

strcpy(bytjo-lo. ^vcoavert -1 /ta~pltrac/sanen.I.resize )

strcat~by-te..ov, "-o /tap/trac/TOV.Aixp1 -a 28569
strcat(byte-to, ".-t byte -b 0");

strcpy(display-tov, "putimag. -I /tap/trac/FOV..diup1 )

strcat(display-tov, "-z 408 -y 0 -updato .01&");

strcpy(r2v..ps. "ra.2vitt -I /cup/trac/previous...ca. "

strcat(r2v..ps, "-e /Usp/trachatmpI.viff -1 0 -% byte -at 'Local Mackine' )
strcat(r2v.~ps. 0-r 320 -c 499");

strcpy(r2v..old. "rav2vilf 1-I /tapltrac/old..acome'9
strcat(r2v..old. 0-o /tap/trac/o14..v'1U -1 0 -t byte -at 'Local Mackine'")
strcat(r2v-old, "-r 320 -c 499");

strcpy(pad4zS..cs, "Ypad -I /'aipltrac/scenel..viff ');
xtrcat(pad4z8..cs "-o Itap/trac/scenal..pad-USz -r 400 ;
strcat(pad4xS..cs. "-c 800 -d 40 -a 150 -j 0 -k 0");

strcpy(pad4zS..ps, 1"vpad -I /tzip/trac/tampl..viff '9;
strcat(pad~z..ps. "-o /tap/%rac/tmW1pad..4z8 -r 400 -c 800")
*trcat(pad4ze..ps, "-d 40 -a 150 -j 0 -k 0");

strepy(cm..pad4sS, "vpad -i /top/trac/sconel-4stat )

strcat(ca..pa6418. "-e /tap/trac/pad..4US-.acmneI -r 400")
strcat(ca..pad4z8, "-c BO0 -d 40 -a ISO -j 0 -k 0"1);

strcpy(pu..pad4zS, ftvpad -I /tup/trac/templ..4stat ");
xtrcat(ps..pad4z8, "-o /tup/trac/pad, 4x&- tamp I -r 400 -c 800")
xarcat(pa..pad4z8. "-d 40 -e 150 -j 0 -k 0");

strcpy(a..p64z8. "vpad -I /tap/trac/&..padl.vOs")
*trca%(a..pad4",8 "-o /top/trac/a..pad2..4z8 -r 400")
strcat(a..pai4z&. "-c 500 -d 40 -a 160 -j 0 -k 0");

strcpy(b..padftS, "vpad -I Itopltrac/b..pad IwOs )
strcat(b..pad4z8, "-a /tap/tracfb..pad2..4x8 -r 400")
strcat~b..pad4zg. "-c 800 -d 40 -a 150 -j 0 -k 0");

xtrcpy(c..pad4za, "vpad -I /tap/trac/a-byte-intemp
strca%(c..pad4x8, "-o /timp/trac/c -pad I _4x& -r 400 )

strcat(c..pad4z8. "-c 800 -d 40 -* 150 -j 0 -k 0-);

strcpy(d..pad4z8, "vpad -I /tap/trac/b..by%9.1&a~ea )

strcat~d..pad~zS, "-o /tap/trac/d.~pad1..4iS -r 400 ");
strca:Cd..pad4zB. "-c 800 -d 40 -a IS0 -j 0 -k 0");
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atrCpy(ped. 4 dlspl. w'pW -1 /top/tracoconel~vitt 0);

strcat~pad..4dimp
1 . 0-o ftop/trac/pad-z8..dimpl -r 400 -c &W00);

streat(pad-4d1ipl, "-d. 40 -a 150 -j 0 -k 00);

strcpy(dimplay..tl. "putluqe -i /taop/trac/Ti..disp )

strcat(display.tl. "-s 931 -y 60 -update .019");

strcpy(display.o.I * putlimage -i /ug/ptrac/sub..sconol w);

strcat~diuplay-si, . z 931 -y 200 -update .01&");

strcpy(p-Ad25-t. tve"pad -1 /top/trac/sub-tmpl U1);

strcat(pad256..tl, "-o Amp/troz/uub..tel..pad -r 256 -c 256 w)-.

strcat(pad2S..tl. "-d 108 -a 96 -j 0 -k 0").

strcpy~padl2l..tl. Ovpad -1 /top/trac/mub.twinl )

strcat(padl2l.tl. "-o /top/trac/sub-tem.pl-pd -r 128 -c 128 0);
streat(padl2S..tl. "-d 50 -a 43 -j 0 -k 0");

otrcpy(pa664..tl. "wpad -1 /topltrac/oub..t*Wl")
strcat(pad64..tl, "-o /tap/trat/sub.tomp1.pad -r 6.4 -c 64 )
strcat(pad84..t1, "-d 22 -a 17 -J 0 -k 0");

xtrcpy(pad2SG..u1. llvpa -i /tup/trac/sub-sconal )

strcat(pad2SG..w1 "-o /tap/trac/sub..acznel..pad -r 2566)
strcat~pad266_o1. "-c 256 -d "8 -e 32 -j 0 -k 0"),

strepy(pad.l2S..l. l"vpad -i /tamp/trac/sub..sceziel ");
strcat(padl2Bsl.., "-a /tup/tracluub- *cons 1-pad -r 128 )

strcat~padl2s..el, "-c 128 -d 28 -e 6 -j 0 -k 0");

strcpy(pad64..ul. "vpad -i /tap/trac/sub-scono1 ");

strcat(pa664..a1. "-o /tap/trac/sub..econe1.pad -r 64 0);

strcat(pa&464..l. "-c 64 -d 13 -e 2 -j 0 -k 0");

wtrcpy(padSI2..u1, Ovpad -1 Itop/trac/sub-sconel")
strcat(padS12_ul. "-o /top/Itrac/ uib- *cons 1 -pad -r 512 )

strcat(pad.S12_sm, "-c 512 -4 0 -a 0 -j 0 -k 0");

utrcpy(ftt..tl, "vlft -i1 /tup/trac/sub-.templ..pad"
streat(flt..ti. "-01 /topItrac/Pub.-tompl-Vt -d 0");

strcpy(fft..t2, "vfft -11 /top/trac/sub..tmp2.p&d ");
strcat(fft..t2. "-@1l /ttp/%rac/vub..t.W2..ft -d 0");

strcpy(fft-..u. "rfft -11 /tap/traclaub..ucenol.pad ");
strcat(fft..u1. "-*I /tap/trac/mab..uceel..fft -d 0");

strcpy(conjug..ti. "vceuj -1 /tzp/traclvu'b..teapl..ft 11):
strcat (conju~g_%. 1"*-o I'cap/trac/vu'b~teup coznj");

strcpy(oulti. o"mul -il /tap/trac/sub..ucono1..Ut )

strca%(xulti. ft-12 /top/trac/sub..takpl.couij ");

strcat(multi. 0-o /UVp/rac/scuael-i-.tampi");

strcp(ccrrts, "vwua -il Iotzp/tracleub..aconel-Ift' )

utrcat(comrs, "-12 /tap/trac/mab-toel-conj")
strcat(corrts, "-o - I ");

strcat(corrts. "vflt -11 -")

strcat(corrts. "-01 - -d I I")
strcat(comrs. "vtranmlat -1-
utrcat(corrte * "-o - -2 254 -y 254 -w I I)

strcat(corrtu. "tvcter -i-
strcat(cerrtu, "-o - -t 3 ")

strcat(Cerrts, "'vuXtract -1 -0 -o
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atrcat(crr~ta. O-z 0 -y 0 -w 4" -h 320 ';
streat(corrta. 'viffhbat -1 - ');
strcat(car~t. I-o /tWp/trac/uW.S -j I -b 0 ;

atrcat~carrts. *-d 0 -f 1 -0);

strcpy(corrtt * "-±2-1 /tUtra/trab.su.t%~CsmW9;

streat(cormt. *-@ - I ");
atrCat~corn . "Vfft -11 -

sareat(cormt. "-.1 - -d 1I ;
streat~cornt, Ovtramalat -1 i 9
strcat(co.t, . -o - -z 254 -y 254 -w I 9
atrcat~corrtt, OIctor -1 - ");

strcat~corrtt. "-o - -t 3 1 ").
streat(corrtt, .weztract -1 - -o ';
strcat~co..tt O-z 253 -y 253 -v 7 h 7I';
strcat(corrtt "vitff~at -i .) ';
strcat(corstt 0-o /tup/trac/tU..S -j I -b 0 0);
strcat(corrtt. N-4 0 -1 1 0):

strcpy(b~xulti, "vmul -Ii /top/trac/ao±iff-satt")
mtrcat~b-ainlti, --12 /timpi'rac/b..padi-WIU ");
strcat (b.oult1 * "-o Itap/trac/b.byte-inacons");

otrcpy(&-malti. "voul -ii Itap/trac/tvifl.4atat 9
atrcat(a..malt±, 11-12 /top/trac/a.-padl..113 ").
.trcat (&_nalti * "-o /tap/tracla.byte..±ntemip");

strcpy(1nv..fft. "v~tt -ii /tup/trac/acaael..z..tmpl 9

atrcat(lny-fft. "-01 /tap/trac/inverso-fft..1 -d 1");

strcpy(q..flipl2S, "veransalat -i /tup/trac/ivverS...fltI")

atrcat(q..flipi28. "-a /tap/trac/vtr~mAl&t*_I -z 128 -y 128 -w 1"1);

atrcpy(q-flip,4. "vwtranalat -i /tap/trac/izveraajfft.. 11);
atrcat(q-flip64. 11-o /tap/trac/vtranalate.1 -z 64 -y 64 -w V");

xtrcpy(q-f11p32, "veraualat -i /tap/trac/inverae.ift..1 ");
*treat (q..f1p32, '1-o /tap/trac/wrtranalate-1 -z 32 -y 32 -w 20);

atrepy~byta..flip, "vconvert -1 /tap/traz/v-ta~alate1 ")

strcat(byte-f lip. "-o /tmp/trac/cmv2byta..1 -a 255")
street (by-to-f lip, "-t byte -b 0"1);

strcpy(atat-pk, 'wotata -i /tup/traclcocw2bytel ")
streat(stat-.pk "-I Itap/trac/peak..coorda..1 -all ) -mu 0")

strcat(stat..pk. "-var 0 -ad 0 -rat 0 -vhaI 0 -maxz I ");
utrcat(atat-pk, "-yuax I -vain 0 -main 0 -yalz 0 -in 0")
atrcat(stat-pk. "-pin 0 -ulz 0 -Pta 0 -ppta 0 -upta 0 *)

*trcat(atat..pk. "-sk 0 -kur 0 -ant 0 -can 0 -b 1");

atrcpy(byte-aub. "vconvert -i /tap/trac/aub..divpl~canv"
street (byte _aub. "-c uT~/trac/r&ady..4dimpl -z 265")

atrcat(byte..aub. "-t byte -b 0");

strcpy(add-croaa. "va44 -11 /top/trac/pub-disl-~.data )

atrcat(add-cro., "1-12 croaabair-data ");
strcat (add-creaa. 11-o /tup/trac/aub.diapl-cony");

strcpy(extr..croaa. "vaxtract -i crogasair-data 'I);
atrcat(eztr-croaa * "-a /tuipltraclcromm -data -x 130 -y 75 )
atrcat(eztr-cresa. "1-v S0 -h S0 11);

atrcpy(pauatat. "votet@ -i Itupltraclteinpl-viff )

atrcat(pa..stat, --f Itap/traclatatiatics-pa -all 0 -mu 0")
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atrcat(pa..utat. "-war 0 -ad 0 -nw 0 -vaua 0 -max I a);
wtrcat(pa-stat. "-Tuom I -vain 0 -mixs 0 -yude 0 -in 0 u);

atrcat(pa..utat, "-pin 0 -&in. 0 -pts 0 -pPtm 0 -apts 0 u);

stzcat(pa..utat. "-ink 0 -kar 0 -am% 0 -coa 0 -b 10);

strcpy(co..tt. Avatata -1 /top/trac/acamael.viff ");
strcat(ca~stat. O-f /timp/tran/atatistica-ca -an1 0 -m 0 o)-.
astrcat(ca.satt. "-var 0 -ad 0 -nom 0 -vmax 0 -mmax 1 0);
atrcat~ca..atat. "-a I -vua" 0 -xmin 0 -ymin 0 -in 0 )
strcat~ca..atat. "-pin 0 -m.Ia 0 -pt. 0 -pptg 0 -apt. 0 u);

.trcat(ca~stat. "-ink 0 -kur 0 -out 0 -can 0 -b 10);

strcpy(atat..pa. Owstata -i Itimp/trachampI.4mmaa 0);
atrcat(stat..ps 1-9 Itimp/tzac/statiatica-pa -all 0 -m 0 ;

atrcat(sata-.pa. ft-var 0 -ad 0 -ma 0 -vsaz 0 -xma 1 0);
atrcat~atat-pa. "-yuaz 1 -vain 0 -mia 0 -yuim 0 -in 0 );
strcat~stat..ps. "-pin 0 -nia 0 -pto 0 -ppta 0 -apt. 0o-
strcat(stat~ps, ft-ik 0 -khr 0 -ant 0 -con 0 -b I");

strcpy(atat-ca. "vetata -i /tap/traclacanel..4mean ;

xtreat(atat..ca. "-f /tap/trac/atatiutlca.ca -anl 0 -mu 0o)
strcat(sata:.ca. "-var 0 -ad 0 -ime 0 -muax 0 -mnaz 1 ");
strcat(stat.co. "-ys.z 1 -vain 0 -rumin 0 -yamn 0 -in 0 )
atrcat(atat-cs, "-pin 0 -aim 0 -pta 0 -ppts 0 -npts 0 )
atrcat(stat..ce. 1-ak 0 -kur 0 -ont 0 -con 0 -b 1");

strcpy(stat...ti. I'vatata -i /tup/trac/aub..tempi )
streat(atast..at "-f /tap/trac/utatistica..ps -all 0 -mu 0";
strcat(atat..ati, "-var 0 -ad 0 -rum 0 -maxz 0 -3max I ");

.:rcat(stat-sti, "-yuax I -vain 0 -ramin 0 -yuin 0 -in 0")
strcat(stat.,atl, "-pin 0 -nix 0 -Pt. 0 -ppta 0 -npta 0 )

strcat(stat..atl, "-ik 0 -kur 0 -ant 0 -cmn 0 -b 1");

strcpy(stat..aal, "vstata -i /tamp/trac/sub...cenal ");
strcat(atat..aal, "-I /tap/trac/.tatlatice-ca -all 0 -mu 0 ;
strcat(stat..aal, "-var 0 -ad 0 -ruin 0 -vnaz 0 -mnax I ");

atrcat(atat.os.l. "-yuaz I -va~in 0 -ruin 0 -yain 0 -in 0 '9);

atrcat(atat-aal. "-pin 0 -nin 0 -pta 0 -ppt. 0 -npta 0":
strcat(stat~asl, "-ak 0 -kur 0 -an% 0 -con 0 -b 1");

xtrcpy(atat..alblond, "vatat. -i /tap/trac/curr..bland..prev ");
atrcat(atat..albland. "-f /top/trac/atatistica..ce -all 0 -mu 0")
strcat(stat..aIbleand "-var 0 -ad 0 -rum 0 -vmax 0 -maxz I")
stroat(atat..albland. "-yama 1 -vain 0 -ruin 0 -yami 0 -in";
strcat(atat.,albland, "0 -pin 0 -z"n 0 -pta 0 -ppta 0 -npta");
strcat(stat..albland, " 0 -ak 0 -kur 0 -ant 0 -con 0 -b 1");

atrepy(atat..tlbland. "vatata -i /tzp/trac/prev~bland-old ");
atrcat(atat-tlbland. "-f /tapltrac/atatiatica-pa -ala 0 -mu .3")

atrcat(stat..tlbland, "-var 0 -ad 0 -rum 0 -Vmar 0 -zmax I")
atrcat(stat..tlblond, "-yuax I -vain 0 -xxi 0 -yxim 0 -in )
atrcat(atat;_tlblaa4, "0 -pin 0 -nin 0 -pta 0 -ppta 0 -npta");
atrcat(st&%t..tbland, " 0 -ak 0 -kur 0 -ant 0 -con 0 -b 1");

atrcpy(Catat, Ovatata -i /tap/trac/real-4stat "):
atreat(C.tat, "-f /top/trac/Catati at ice -all 0 -mzu 0")
atreat(Catat, "-vax 0 -ad 0 -ratn 0 -vv= 0 -imax I )
strcat(Catat, 0-y'uax I -vain 0 -ruin 0 -yami 0 -in")

strcat(Catat, "0 -pin 0 -nin 0 -pta 0 -ppts 0 -upta");
streat(Catat. " 0 -ak 0 -kur 0 -ant 0 -con 0 -b 1");

strcpy(c2r~al, "vetor -i /tapltrac/vtrannl at* - -o /tap/trac/reaa-45tat");
atrcat(c2real, " -t I");

strepy(al..x-bin, "vorul -ii /tap/trac/acanel-vift*9
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xtrcpyC.1...xbin, Ovl-11 / /trac/t...c/".v1 0)£
strcat (u 1.zbl., o-1 /Wa/trac/tW~tLVl 0);

vircat~tb-md.s1. Ito /UWracite1..u itt 05 .

strepy~bleam&.l * vblend -11 Itop/trac/sam ol.~vit -12 );
streat(ble"n4..l /Am/trachow1dv iff -a 0.4 -9 )
am-rcat~blaid-a..t "/U/trac/prT~lbl~ud..o~d9;

vtrcat~ls~l (bvblmd -11 AW//twac/pl.tgtt -L2

8trcPy(blQmd..z~.u * t m
du -11 /tW/trac/tmpl.v,1U -12 H);

strcat~bl~mAdz..gl "/tm/trac/uq.tm. -o /top/trac/towal..vifl");

strepy(bmlzo-..:1. "wrto -1 /top/trac/pz.se..b if4.f -@ 2 )

strcpy(caplzt..l "vrmoc -!1. Itup/traclcuro..blead..pr -oH)
optrca%(cmpzx.h1, "Ita'p/'rac/blwbd.2cmpzgl -t 1");

strcpy~cbpt..tl. "vrtpf -1 /tmpp/trac/b1urr1.blet1r -o )
strcat~cmpi..tl, "/tU/trac/pe.blsuad..ojx~d -t I");

strcpy~hpf..uI, mvhpf -1 /ttp/trac/blin4.2cmpz..s1 -o 0);
stzcat~hpt...1, -/ttp/%racc/prev.blw.ad.pr -a 3 -c 0.6");

strcpy(tI.2real mvhpcto - /Vmp/%rac/ab..:incpxxl -o H);

strcat(t1.2re1, "/tm/trac/=T1b~dp~ f-n 3ta -c 1");

strcpy~tl-2r~aa1 Hvetor -1 /tup/trac/rnab.tmcea -o
strcat(.1..2roal, "Itmpltrac/u1.for..utat -t 1");

strcpy~sl-2.mci. "vptrda -1 /t"Ar:ac/sub-sone.4ata )

streat(s..2rasl. H"/Amp/trac/al-for-sasc.-dta -1"0) )

strcpy(b..2aucl, "vprdeta -1 /tup/trac/btarg-4stata- )

strcat(b..2aaci. -If Impltrac/ttarg-.socll.data -a 0"1);

strepy(b-&x.ac2, "vprdata -1 /t p/trac/b.targ-4stat ");
strcat(a..2asc2. -- I /top/trac/a..tazg- as ci -daa- 0"1);

strepy(b..2a&c2, llvprdata -1 I op/trad/b.tazg-rect )
strcat(b..2ac2, "-f /tap/trac/b..tmrg..ascii -a 0"1);

strcpy(b-28xc3. "vpr6&ta -1 /tup/trac/btbkgad.4atmH)
xtrcat(a.2&oc2. "-f /top/trac/btb~pA..acii.dt -a 0");

strcpy(ab.2.c3, "vprdatt -1 Itmp/rac/tbkpod.4stm~t )
strcat(&.2axc3. "-I /tup/trac/tbkgp4..asci idata -a 0");

strcpy(z..2&stel "vpeuata -i /tap/%rac/s~azgu.24s ff H);

strcat(ba..2bt. "-f /tap/trac/asarg..7byt. -a 99 -a 0yt -bOH)

strcpy(b..2bytel. "vconvert -1 /%mp/trac/btazg..2vif1f ");

strcat(b-2bytel. "-a /top/traclb..tar,.2byto -m 9g -t byte -b 0");

strcpy(a.2byt*2. llvconvert -1 /tap/trac/a.targ.2viff -);
strcat(&-2byt*2, "-a /top/trac/a..targ.-2byto -zi 255 -t byte -b 0"1);
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stzcat~b.."ye2. *- /Up/tWBc/btang-.byto -a 255 -t byte -b 0ft);

mtrepy~dyal-al. mviytb -i ftm/trac/curv.bleam.prv 0).
strcat~iyaluol. 11-e /top/%rac/blx..S3z3-s -v 3 -b 3 -v )
strcat(iya1..ut. 0255 -t 0");

strepy~iya.1.ti, *vdyth -1 ftmiphrsc/prev..blen~eld )

strcat~eyal..tl, -- o /top/tac/bin..z3.ti -v 3 -h 3 -v )
strcat~dyal.tt, 0265 -t 0w);

strcpy~dym2..al. owdyth -1 Atp/trac/ceme1..viff
etrcatCdy&2..u1. 0-o /tqp/traefbiz.2z3.*i -w 3 -k 3 -V
xtrcat C4yz2-x..s 255 -t 00);

strcpyCdym2.tl, Ovdyth -1 itop/tracitemp1..vff 0);
strcat(67u2..tl. ft-o /top/traclbin.3z3..:i -v 3 -k 3 -Y
strcat(dm2..ti. "255 -t o");

strcpy(and..ul. "rand -11 /tqp/trac/bimA..4asl 0);
strca:t(aad..s1. "-12 /ttup/trc/bjm_3z3..ul -o 0);

strcpy(and.tl. "wand -11 /tap/tac/bliu.4and..tl )
streat(and.-:1, "-12 /top/vtzac/bl&zk.3z3ti -o

strepy(padtl, mvpad -i /aptrilcacluub..templ )
strcat(padtl, m-o Itupltrac/'rl..dimp -r 64 -c 64")
streat(padtl. 0-d 0 -o 0 -j 251 -k 0");

-0------ ----------------------- S
/e Intaltl.1zo miscellansomm camimand strings. O
/0 ----------------------------------- I
strepy(moan..cu. "grop Meam /tap/trac/utatistica-ce )
strca: (aen~ca, "> /tup/trac/cu..mean..data");

strcpy(sean..pa. "grep Moan /iup/trac/statiatics.ps )
strcat (mean..pu. *> /op/trac/pa..uean.data");

vtrcpy(corr-m.axn "grep Mean /tup/trac/Cstatis'cics )
strcat(carr..meax, "> /tap/traclmean.dats");

utrcpy(corr.war. "grep Variance I'cap/trac/Catatiatics )
streat(torr-var. "> /tup/trac/vaz~data");

strcpy(corr-ondov. "grep Std. /top/trac/Catatistice )
vtrcat (corr.,stdev * ")- Iap/trac/stdew..data");

strepy(coZT-aaz. "grp Nigh Itmp/trac/Cotatis'cica
strcat (corr-maa "> /tap/trac/maa.4ata");

strcpy(carr..ain, "grep Low /tup/trac/Cutatiutica 1

utrepy(copy..cs. "cp /tup/trac/sconal-vuif /tap/trac/eviff-4stat");

strcpy(cop 7 .ps, "cp Am/'ctrac/t.mpl.,vlff /tep/trac/tviff..4stat");
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@trqpy~ui.4Otat- * p /upItrac/tq2,eam.1_mftwa/cne.Atat

NtrcpyChLcs. agep Ilifh /to/trac/statisticf.cs )

streat~kb-Cca *31 /%/trac/high..4ata'9;

.trcpyCh~pa. ogrep zigh /tmp/trac/statiutics.ps )

stzcat(hI..ps. u)1 /tin/racAIs~h..4ata");

vtrcpy(gvL4.sat, *cp /tw/trac/srem.Lvia-st It p/trac/beecoad_4tat");

etrepy(clr.ucz. "clear");

/0 Copy sort iamae file to /tup/traciciarrent.scene. o/

.hile(mods.*f')

if((tPS 0 top*& (file* Ec&=t3. mrb"))-UUL)

priatf("Error opening %silts. filoEscoun%3);
ezit(i);

it C tpi a fopeaC"/tap/trac/curwent-scone", "vb") )u'MflL)

priatf ("Error opening /tap/tracicuzrrout..cone! s");
"eit~l);

character a fgetc(tpg);
it(forror(Ip5))

prin~tf ("Error reading %s!\n". fil..(coiint3);

while(character9 mEOT)

tputc(character. *41);

it(forror(fpi))

printf ("Error writing to Itup/tracicurrent-scese! Wn):
ezit(i);

character a Igetc(IpS);

printf ("Error reading lu!\n", files~count));

tclose(fp5);

-----------------------------------------------.
/o Display en imago in its original form and renames o/
/9 the file currentascooe to previeus..ucene. 5

/0----------------------------------------------S
system(r2v..cs);
systesi(paw3.2z);
sysatm(delay);
uystaw(byt...f a);
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ltNpeSuuO)

swapweae'tpta/urtsen" "/%m/trac/prvowa.csme") I
if(swap1 .0)

priatt("File renaming operation 46 failedI1W);
exit~l);

swap ur-a.(0/tap/trac/curevim-..ceae". tAmp/trac/prevousscan");
if (sapt9 0)

printf ("711. renaming operation 16 failodI~xw);

/e Detrmne~a ("targetrange and dsplay. /to scree. /peiusm")

length ("File sreaing)o; ain6 t~~In)

for(1-0; J<15; 1..*) trij string~i fles~ongt)W J;

termili) 0 \0
fr..Into a wtoi(terml);

if CindermO0)

printf("n");
system(clr..ucr);
privtf ("Target\nAeng.'\n");
priatf" C---- )
index a 20;

printf("lSd\zi". fr..info);
index - index -1,

count - count *1;

/W------------------------------- -~

/a Trigger the display of targeting menu. .1
/0------------------------ --.---------
if (pas a 2)

if((fp2 a f open ("/Amp/trac/stantI -flag". "w"))-uXULL)

printf ("Error opening /tup/trac/startl..flag!\n");
exi~t(1);

fputc(on. 4p2);
fclose(fp2);
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peus * pens * 1;

if((tp4 * f-t m(" lo/trac/state-.flag', "r") )=,nL)
{

printtf(Irror opening Asp/trac/state.flaga! ");
exit(l);

}

state.flag a fgetcCp4);
fcrlose(fp4) ;

It Determine targeting state requested by user o/
/S and roast the file state.flag. .
/0 ---------- -- - - - e
It (state..flag'Mme,)

statoeflag off;
if((tpg a topea("Atp/tra•/• •ate... ag", Or"))• •LL)

print? ("Error opening /tmp/trac/state.f lag!W)
ezit(1);

)

fputc(off, fps);"
fclose(fps);

If C (fpl * opan ("C mp/trac/state.-Lno". "r"))W.NULL)

print?("Error openig Ing p/Iraclstate.t-info\!");
exit~l);

state a fgotc(fpl);

/0 ----------------------.. . . . . . . . . . . ..-- - - - - ------

/a Determine the number of image frame. to skip. o/
/0--- -----------------------------------------
I (state,,s')

if C Cfp2 a fopen-("'/tp/trac/star1-.flag". "."))--XULL)

print? ("Error opening /tmp/traclstart 1. lag! \n");
ezit(l);

}
fputc(off. fp2);
fcloso(fp2>;

Ig*tsstring. 128, pl);
Igets(string, 128, pl);
step * atoi(string);
count * count + step;
1f((argc - count)<3) state Is';
job3 a 1;
pass a 1;

fclose(fpi);

-------------------------------------------------- /

I. t last image in sequence has been displayed or per */
/0 user's request., kill background process, and exit. o/
/0 ----------------------------------------------------- o
If(state ,'e' IJ (argc-count)sul)

trcpy(search, "p. -auz I grop puti0age I grop -v");
strcat(searcb. " 'peop' > /tap/trac/job.-nimbrs");
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priat(ft~ror, opening /%sqi/trac/job..mmbors I \a);

fgaetsstring. 125. fp4);
forumoo; 3(6; no*) pe..valvoW3  stringEm. 93;
ps..walueEm) a %*
jobi a wtol (ps...elue):.

spriatf~k.Aispl..fow. 'kill %d. jobl);
oystsoCk.displ..fow);
itC(UpS a fope("Amp/trac/IM-.flar. * "))-MLL)

printf ("Errworpening //rcK Sfe a)

fputc(oft, fp5);
fcloseotPS);

if (job3-eC)

printfQ't/o ----------------------------------H)

priattfC"/e This program has been terminated either");
prinef(" in re- *a)
prmtt ("/* ponse to the user's request or because )
printfc"thb. di- 'An");
priatfC"/e gitized images for this sequence haw* b");
printf(een ex- *z)
priatf ("Is hausted. It the program 'trac..meau' has");
primtf(" not SAn");
printf ("t/ already been terminated, please reponse");
printf(" with *rAa");
printf ("I option -91 to terminate it now.
priatf(" *a)
priztf ("/I.------------------------------ );---

else if (job~sol)

- -f'I --------- ----------------------------
printf( -------- /";
pristf ("/ Program terminated. The requested numb*");
printfC"r of *An");
printf ("I image frames to be skipped exceeded the");
pri~ntf(" a~mber e/\n");
printf ("I of remaining un-displayed image frames 0);
pristf(" in the efa");
printf ("/o aeqeuenca. ?lease reponse with option )
printf(" Is, to *Aa");
printf ("I terminate the program 'trac-menu I now.
pri~ntf(" SAn");
printf~f/ ------------------------------------- H)

printf( -------- *m)

exit(O);

---------------------- /
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/0 Tweget tracki*g loop. 0/- .

tiC (ipi t opea("IW/trac/coordsajleg-.1, Or") )eWUL)

puts(aftror reading trom /top/trac/coordsafl.s.1IO)t

I.Delay vatil user has inmputted .
/a required correlation parameters..*

tomp a tgotc~fpi);
while~templt'on)

If C Cfpl - topaz ("/t /rac/coordsfa.lg..1", "r") )-N=L)

put. ("Error reading from /tinp/trac/co~rda..f1 4 1 t");

ta a getc(fpl);

lf(Cfp2 a topeaC"/tap/trac/coorda..flag..1". "w"))-NULL)

puts~mrror writing to Itap/trac/coord~s.flag..1!");
exit (1);

fputc~off. fp2);
tclos*(tp2);

-------------------------------------------------- I
/.Retrieve inputted target coordinates and options..S

------------------------------------ ----

if C Cfp4 - f open(/top/trac/coords-.Ino-. ", "r") )-Min L)

put. ("Error reading from /tapltraclcoords info.. ! \n"):

Igets(.tri~ng. 128, fp4);
x..value a atoi(string);
Igets(string. 128, fp4);
y..veiuo a atoi(string);
Igets(string, 128. fp4);
mthd - string[oJ;

/0-f --------------------------- 1
/e Determine correlation method chosen. a/
/0-f --------------------------------- I
if(ethd*as'a)

strcpy(strO. "Threeholded (0 or 255)");
atrcpyr(renaeeO, "a..">;

else if~athda.'bl)

strcpy(strO. "Threaboldod (v/ gray-sace))");
strcpy(renameO. "b_");
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alse if~xmtbduc')

strepy(stzC, T~ruth to~lato and oacone");

else if(uthd-d')

strepystrO. "TroUt te"1 w/ umiodftied scoune);

also Wa~thd-o'e)

owcy~xtrO. MTreubolded bland CO or 255)");
utoY~ronmmoo. "e-.");

else 12Custmdf')

strcpy(stzO. "Thresholded bland (w/ gray-scale)")
strcy(rememeO, f.)

*Is* if~utbdomg'g)

strcpy(strO, "Uumodified gray-scale images");
strcpy~romameO. "g..");

also

strepy(strO, *Optical adaptive tracking slarulation.");
strcpy(resnameO. "zo..");

raaame3 EO3 a P'

rename3EI3 a '0';

reaawe3(33 a 0*

tgets~string. 128, tp4);
it(mtbd-la' If mthdin'b' 11 uthd-le' IIthd-Pf')

factor a atof (string);
renameS (0) - string (1);

renmeS~il a string(2);
rename) 2) a string 3:);
reaemet)) w \*

Igets(string. 128. tp4);,
size a strigragO];

/---------------------------------- ------- I
Is Determine binarization technique chosen. w/
/0---------------------------------------C
xtrcpy(ronme~l, *none*-");

if~mbd'a IImthd"'b'II thd**'e, II th*')

Igets(string. 128. fp4);,
binutete a string(O];
strcpy(str2, "Scene average");
strcpy(renawel, "cn.)

if Cbi~n.statem"'c')

otrcpy(xtr2. "Cline segmentation");
strcpy(reziaeol, "lin..");

94



bin-state a $
strcpy(str2. "Line-by-line average");

mutcpy(remamel. *"line-");

/e Deterumie it edger used. 0/

tgots(string. 128. fp4);
tgeteCatring, 128. tp4);
edger wstring C02;

vtrcpy(str2. "tdge Ertractios");
strcpy(ronamel, "edge-.");

felose(tp4);

-- - -- - -- - -- - -- - --- -- -

IsSet the template and scene sizes. 0/
/-----------------------------------/

if (size"" '1')

y.templatel..uize - 40;
z..temqPlatel..UiZe , 64;
y..cenel..uize a 120.
x-sconel..size a 192;
pad..ulzo a 256;
strcpy~stri. "Large CTmpl64z4O, Scn"1921120)");
strcpy(renaae2. "I");

else if(sizow'.s')

Y..templatel..ulze a 20;
z..teinplatol..size a 30;
y..scanol..sizo 38;
z-scenel..size a 60;
padisize - 64;

strcpy(stri. "Small (Tmpi"30x2O, Scaw6Oz38Y);
strepy(renaae2. "w");

else if (gizen'')

y..templatel..uizo - 28:
z..templatel..sizo a 42;,
y..acenol.size w 72;
X..scenel..size a 116;
padusize * 128;
strcpy(ptrl, "Medium (Tapl-42z28. Scn.126z72)");

strepy(ranaae2. '"i);

"else if(Mize.."a')

y..templatel..siz* * 20;
z..templat.1..51Ze - 30;
y-uconel..size a 38;
X'scoeael.size a 60;
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Po.4..eze a 64
otrcpy(otrl, "Adopt/$ (?mpluAdapt. Sca-6000));
xtrcpy(remam*2. Oa);

Y..temp&tol813*o a 20;
z.tomp1&tel~sixe a 30;
y-scoacml.size *320;
Z..scoael..uze *4";
pa4.ulze a 512;
strcpy(otrl. *Adapt/F (Tsp3uhdapt. 5caa4Vft32Q)-),;
stecpy(raaae2, "I");

tor(muO; m<6; mP4)

,t~ra2Ea. - tru..cotr~coont - OWLa;

tr-Wo al atoi(teru2);
for(i-0; 1(3; .1..)

I. Ihetrieve the x- coordinate .
/* of target locations. 0

j a 0;
temp - tru-catr~cUmat - Q)Wa;

terul U) taimp;
j w j * 1
tomp - tru..catr count - 13 Ex * 31)

termli) -9\,
x-tern atai~terui);
zt term atof(terml);
j * 1;

/V---- ---------------

/0 Ratriev, the y- coordinate S
I' of target locations. '
/0 ------------------------- /

for(kuO; k<7; k++)

teru2[k) - trua.cntr[count [ ) a j k3

ytermtk w tito**

y..ters a 612 - y..ters;
yf..toru a atof (tor*2);
fl1ters - £12.0 - Y-f.teru;
a a x4 j + k + 21;

intogi ((z-value - z..term) * (z..value - x..term));

imteg2 a ((y..valu* - y..teru) * (y-value - y..term));
result a sqrt((double) Integi # (double) i~zteg2);

ifU(1-O)

distance *result;

z..ceord * z.tera;
y..coord *y..tora:
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zt..coerd * a.tezm;

/s Determine whether inputted targt coordinat~es.
/e correspond to an actual target location. .

eIse Wf(distance - refult)),O)

distance a result.
*.or 0 .teru;

y~coord w y..term;
zf..eoord a xf~tozu;
7t..coord a yf-ters;
targ..Rum*1*

Wf(disteace -20.0)>O)

z..coord s x-velue;
y-co-ord a y..walue;
zf-coord w ((double) z..value);

y~f.coord a ((ouble) y..value);
targ..aua w 0;

if(targ-num-iO)

strcpy(ead. %.0");

alse ±f(targ..umrin*)

strcpy(emd. "-I");

else if(targ..nuuin2)

strcpy(ond. %211);

else strcpy~ead. ¶.3");

/0--------------------------------,
/* Pass true target coordinates to 8

/a the program trac-senu.
/0---------------------------------/
lf((PS 0 fopean("/tupltrac/coords..into.2". v)u~JL

priatf ("Error opening /top/trac/c ords-infe.2! \n");
Ozit(1);

tpriatf CfpS. "dn6.2w *tar&-.nun * zf.coord);
fpriatf(fp8. "l6.2rnw.4n". yt-coord, trjnlfo);
f closeCf ps);

if C(fpl a fopen ("/tap/trec/coordz..flag..2". , ))*UL

printf ("Error opening /top/Trac/coorda..flag-V2!z");
ezlt(1);

Tputc(on. fP1);
fclooe(fpl);

--------------------------------------------- /

/e Wait for user's response to allow tracking S
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/*ees true versus Imputted target coordinates. O

it (teg-suamI0)

it((tp2 a 9 open(" htp/trac/coortm.f log-.1". Or"))-IV3JL)

priamtt(mlrror opening /tap/trac/ooarma..floe-1 \a),

teim a tgetc(fp2);
uhile(tempt ean)

tclos*(tp2).
it( (42 a tapes(C"/tap/traclcocrda..tleq,..1". Or") )-NULIL)

printf ("Error opening /tmp/trac/coordm..fleg..I I \")

temp a Igetc(tp2);

Iclome(fp2);

if((tp4 - topen ("/top/trac/coords -flag-..1". "v"))wNULL)

prlintf ("Error opening /tap/trac/coorda..tleg..1 IW);

tputc~off, f44);
tcleue(tp4);

/0------------------------ ----
/* Ratrieve the user's response. 6

/*------------- --------------
if ((pS - fopanC"/tup/trac/coords..1no..", "r"))NXULL)

puts ("Error reading trom /tap/trac/coordz..infv.. ! \n");

temp a fgoetc(fps);
f closeCf p5);

if (tOR4p)Sw'I a

z..coord - x..walue;
y..coord - y..Yalue;
zf..coord - ((double) z..velue);
yl-coord - ((double) y..Yelue);

z..coord - 180 + x..coord;
y..coord a 40 + y-coard;

zt..cntr a zf..coord;
Yf -cmtr aYf -coord;

zt..coord a 180.0 * it.coord;
yf..coord 0, 40.0 *yi..coard;

/*-----------------------------------------------I
I. Generate adaptive template diaousions and
/a location for correlation. *
/0 -----------------------------------------------I
if(Size.*a' 11 size*'Vf)

98



sedge a x-cE,@Id - 200;
7.4(0 a y..c ord - ;

if(x*dg* C 0)

zedg* a 0;

If(zodge > 398)

zedge a 398;

It (yedg. 4C 0)

yodgo w 0;

If(y.4.* 2 220)

7.4.* a 220;

strcpy(oxtr..viu. "tvextract -1 /tump/trac/scan..vilff -o
sprintf(string, "-z %d -y %d -w 100 -h 100", zedge, yedge);
utrcat(extr~wia, string);
strcat(oztr..vin. I 1 iff~mat -i -

strcat(extr..vin, ft-o /topItrac/top-1 -j 1 -b 0")
strcat(wmr-rwin, "-d 0 -f 0")

systemi(extr..win):

if((tpl a lopinn("IAmp/trac/tmp-l". "r"))-*r'LL)

printf ("Error opening /utp/trac/ti..flik");
ezit(1);

fgets(string, 128. 41l);

for (yy - 0; yy <- 99; *+yy){
for (xx - 0; xz 4(- 99; +*xzx)

if ( (fucwdnf(4. "Id". kxy 1=3 (yy) ) )-NULL)

printf("Earror reading -from Itzpltracltmp..1'\n);

focazd(fpl. "%Off");

Iclosi(fPl);

tapx a x..coord - 150 - zde
Tupy a y..coord - 40 - yodge;

/*--------------------------------------/

/* Chock to see if current selected pizel is pamt*
Isof a target.
------------------------------------------ S

if(zy~tspz) (tupy) <- 70)

cownt 0 0;

al a txp7;

cl - topy;
d1 a tapz;
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Whll.(couat -0)

bl a bl * 1;
bi a bI * 1;

*l a i - 1;
it~a1 ( 0) al a 0;
it~bi > 100) bi a 100;
:Lf(ci 100) c1 a 100;
ItCd1 < 0) di a o;

tor~ux 0 41 zz (aubl +*xx)(
it Czy ExJ Cal] ,w 7TO

count *1

it (:7y C= al3 (my CzEtapx Ctap73 1))

tap~y , al; y<cl**y

if (zytbi) (77)>- 71)

cownt 0 1;
±f(zytbl3E(77] u- (zyttapi) tupy) 1))

tmpz a bl;
tapy 0 77;

for(zz a dl; xx <& bi; ++zz){
if (my 1=) Ec13 >- 7 1)

cownt a 1;
it (my Exx) Eci) >- (my (tapx) EtaPY) 1))

tapy *cl;

for(yy a al; yy <& cI; *+yy){
if (:7(11)yy (7>w 71)

cownt *1

f(zy (dl) (77) >- (zy~ttapi)[tay)* )

tap: dl:
topy TY7;

if ((aiin.O)&k(bl"w99)kk(cumw99)&& (d10O))

tapi - peral;

tapy 0 pezay;
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/o 71. bowai~ag hoz o .t Lr*

al tinpy -1;

&2 *0;

bi awl 1;
b2 *0;

ci * ~y *1;
c2 *0;

dl Vw - 1;
d2 0;

wh~lo(&2-- 11 b20, 11 c2in0 11 d20-)

It(..2 -a 0)

&2 *0;

covut *0;

it(al (0)

&1 *0;

&2 *1;

for(zz a 41; xx <- bi; *.zx)
If Czy zzx(.] fal( 70)

CCH~t - coint *1

check a (ceuut / (bi -d1));

if (check >- 0.9)

if(b2 *~0)

bi a bl * 1;

b2 a 0;
couat - 0;
if (bi > 100)

hi a 100;
b2 - 1

for(yy & 1; 77 (U ci; *.yy)(
if (zyrhl Eyj) <-70)

cownt - cownt *1

check - (cowut / (ci 1)
if (chock >- 0.9)

b2 a 1;

i1(c2 a- 0)
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ci a cl # 1;

c2 a 0
C&Mt a 0;
it(cl 30 100)

ci a 100;
c2 a 1;

twr(zz 0 41; az to bl; .. zz){
it (my xzJ Cci2 4- 70)

comnt a covat 41;

check o (count / (hi - dl));
if (check 30a 0.9)

c2 o 1;

if(d2 a- 0)

dl m d1 - 1;

d2 a 0;
comnt u0;

if(dl '0)

dl 0;
d2 *1;

for(yy a &I; yy Is ci; ++Ty) '
if (zy Cdi) yyJ <- 70)

cown% a count 41

check a (count / (ci &M
if(check >u 0.9)

d2 *1;

x..coord *((hi + dl) I2) # zedge;
y..coord *((ci # al) /2) # yedge;
perux a x~ceord;
permy v y..coord;

z-t..platei..mize a hi - dl;
y..templatel..uize w ci -&I
if U..t..latei..uize >64

z..teoplat.1...izo a 64;

Wfy..te.platel..3ize > 4

y.templatei..alze - 64;

z..vala. - z-coord:
y..value a y..coord;
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ztf.-oor a ((double) (bi 0 41) / 2) # zodge;
yf..coord - ((joqble) (ci * al) / 2) * yedge;
zf..catr a xf..cerd;
yt.catr a yf..ceerd;

z.coerd a 150. z..eerd;
y.coord a 40 *y..coerd;

ZI.Coord & 150.0 * zt.coord;
yt...eerd w 40.0 4yt..coowd;

/* Compute upper loft z- and y- pixel coordinateusI
/0 for sub-images tomplatel and econal.

z..temlatel * acoord U-tCzmplate1..sixe /2);
y..tomplatei y..coord y- (.templatel-sise I2);
xZmceuel - z..coord - (.scuel~size 2).
y..scaele a 7.coord -(y.scenel.size /2);
if(ujgea'f')

z..ucesei 0 150;
y..uconol a 40;

if(edgerf-w'y)

*trcpy(*rtr..sI. *wextract -i /topltrac/scenel..pad40.z
strcat~onrcr.l. "-a /toptrac/sub-scese1 ");
sprintt(string, "t-z Ud -y %d ". z..scenel. y..sconal);
strcat:(oztr..sl. string);

strcat(extr...1 string);
sprintf(string. "-k %d". y..scenai..size);
strcat(eztr..l. string);

strcpy(eztr..tI. ftYeztract -i /tmp/trac/ts6pI..pa.4x8")
vtrcat(*ztz.tl. "-o /tap/traclwub..tempi")
sprintf(string, "-z %d ". x..tesplatei);
strcat(ertr-ti, string);
sprintf(stri~ng. "-y %d ". y..teiplatei);
strcat~aztr~tl. string);
sprintf (string, "-w %d ", z..taepatei..size);
strcat(extr..ti. string);
sprintf(string. "-b Ud". y..templatei..size);
strcat(artz..ti. string);

strcpy(extr-si. "vdrf -i Itap/traclscesel..pad-U4S -o -
streat(eztr~sl. "-&1 0.35 -&2 0.35 -w 9 -tI 6 -t2 8 -1 7 )
streat(oztz-a. "i I vertract *i - )
streat(extr~sl, "t-o /tap/trac/siab.scenei )
spriatf(strlng. "-z %d -y %d ". z..scenei, yscenel);
strcat(ezcr..si, string);
sprintf (string. "-w %d ". z-acenei-size);
strcat(eztr..u1. string);
spriatf(utring, "-b %d". y..scoenlisize);
strcat(aztr..ui, string);

strcpy(extr..tI. "vd~rt -1 /tmp/tr~c/teupI.p~d..4z8 -o -

*trcat(*ztr..tI, "-&1 0.35 -a.2 0.35 -w 9 -t1 6 -t2 8 -1 7")
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etreat(.ztrti. I yeztzct ~-1 N)

strcat(exrcr.ti. tra-*

spriatt(string. 11- U ". y-tlavital);

steat~emtz..t string);
spriatt~atzing. O- U" . y.temlatel-i.eia);
streat(eatr.ti. string);

/0 Date sam tine stem the output tile Used 0/
/a to record the correlation process. 0

strcpy(su~wai7. &saal);
strcat(oumary. rmaam*O);
strcat(snliary, renewal);
utreat (mmasusy reasm.2);
strcat(sunwary, rensin3);

inpriatt(ronsae4, mkdir %a". sumary);
systmi(reaame4);

streat(mamoary, /)

stucpy(pletnamo. $umery);
ift Ctrg-7awm.l)

strcat(plataaae. "rmge~rror. 1");

else

strcat(plataaae. "range - error. 3);

if((tp6 a topen(plataaae, "w"))..wVJY)

prin~t("Error opening file rsage..error!");
ezit(l);

strcpy(platnaae. samnary);
if Ctsrg..nsu-i)

strcat(pletsaae. "rsage..location.1");

else 11(targ..now-2)

utrcat(plotasae. Orange, location. 2");

*trcat(plotnaae. -rang*- locationi.3");
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if((PTp a fopm(pletauem. "v)).NL)

pristtf(Krmr opeing file req..-locationmf);

ezit Ci);;

alrsoy pltaagmum-2

intrzat platname * ther-.targ~ts. l');

if1..$ iftoenzg..u me Ow52)M

strcat (plotmame. summaery);a~t .

strcat(plotaaae. othentegets3")

if((f p3 a topen(plotnaae, "v")mwN=L)

printf("Error opening filethe. awargy.~);

trcatf(macz". rg\00TO);

utrcatl(uaz Correlatin umayinbin ecred)

mtriatfsuary enMo)*\".a; m r

diifCtp a 0; e~uay.w)eUL
dii' a0
di riat ("r1; pnig~In. umr)

cyclte w 0;

Qdigit3mP a 1; oplt1

opdytmt a *epltl

old..x-acenel - x..scenel;
eld..y.uconel - yascenel;

-------------------------------------------------- /
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10 Retrieve aot image sad Copy to 'Correm-se~mo..o

If C~pi u topeo (fi.aosqJ E*ut . Or))suFJ'J)

priattfOtrror opening Ita" I.cmt;

ch- ate a goct))

lf(Cf2*foraeplS) tpt)/~~t.~m.,w)WL

printf("3ziror wit~ing to Itap/trac/curet..ucameI~);
exlt(i);

character u tgtc(tpl);
if Cfemrropl))

priatf("rrwor reading UaIWa. fileatcountJ);
.litCI);

fpiastcpchzac.r p)
if Cf .ror~f p2)

Covrit imaeo daltla to WITtomp/t. */cin.aue

systooUc);

csasactar * fetcs pl
sf Cf ezod-4dipl))

systa(l);-a)

tcloa.Ctp2);8.s

-----------------------

/0 Crtod ateImpate cortelted wiFfomt.h

/0 ----------------. I -----

system (raaucs);
system(z2v.opu);
symtom(pand-s4iap);

if(mthdmw'g) I bi-sat-oc'

system(copy..piba);

uyute~pad~I Oa)



Re etrieve the mean value for the scen....

systemcbeaa..ca);

prlatt ("Error opening itW/trac/cs..a~n.AataI mN);

fgats~string. 12S. 1pl);
£ clew Cfp 1)

j *0

teruW j atr tringJ i

toalJ st*~ * * 1;

"tm string~i * J);

$I-beem M atof(tez'ul);
ale.nea a Cal-mean * tactor) * ulmean;

if(bin..statem-b')

*%rcpy(bia..sl. Ofthzesh -I /tup/trac/cuzrr.blaud..prev")

spriatf(utriag, "-I %f -v 1". ammeau);
strcat~bin-sl, string);

strcpy(rbin-al, "vthresh -I /tap/traclcurr-bleand.prev")
strcat(rbin..al, "-o /tap/trac/srev-bin-4stat )
spriatf(string. "-tu %f -v 1". at-seem);
streat~rbju..ei, string);

system(rbjn-al );
systew(gul..4uat);

for(an-O; x<2; a**)

length a 24;
forC.-O; *(targ-sua; a*#)

I-----------------------------------
Is Retrieve the upper left corner x and y '
I. coordinates of the bounding rectangle. "
/a ----------------------------------- ,

for~iwO: IQ3; 1.,)

tormi(1) - tru-.cntr~count - a) Elength * l

-term a atoi~torul);
1 0 1 # 1;

for(JuO; J(3; J+.6)
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t~zm2EW - tru.catr~emut - a] Clamgtk 1 -0J

tezu2U)] 0 %*
y.texu 0 ateiteuar2);
y.term a 512 y .tezu;

j 0 J*1

to Retrieve the width end height 0/
toeof the beomding rectangle. 0/

for~kwO; kc2-; k+#)

teraiCk) a tum-cmtr Ecmat -a) Elemgth I k 423;

width S tOL(tevul);
k a k *1;

for(I-O; 102. 1**)

,teu2 Cl) a thlI.catr~comt -4) Elength -1 #k 41 44);

term2C13 - \*
height a at~ol~ter2);
length - length 4 1 # k + I + 23;

----------------------------- 5

to Extract true binarlied target 5
to from current seen*. c
to----------ft----------- ---- I

if (z..tera!0 Ma y..tarm~mO U targ..rm~uaO)

for(IMi; O)n; 1--)

etrcpy(oztru..ml. "vextract -i /tap/trac/tawp..cenel");
strcat(extru-si. " -o /top/trac/tru..roct..si ");
sprin.tf~strzing, "-z %d -y %d ", I-tera, y..tera);
streat(ertru-s.e1 string);
spriatf (string, "-w %d -h %d", width, height);
etwcat(eztru..el. string);

strcpy(intru..el, "vinsert 11l blank..32Or4" )
streat(intru..ai, "-12 ltapltracltna..rect..e H)

strcat(intru..et. -o /tup/tracltup-scenel ");
spriatf (string. "-z %d -y Id". z..term. y..teru);
strcat(intru..ei. string);

syutam(eztru..u );
syste.(intru..el);
system(blmmd..z..ul);
syutem(cei..4wtat);

---------------------------------------- I
/. Extract true target from previous scene. *
/*---------------------------------------I
for(ioO; i-cm; 14.)

strcpy(ex-tru..tl, "vextract -i ltopltracltempl..vlff")

spristf(string. "-z %d -y %d ". i-ters. y..temm);
utrcat(eztru..ti. string);



upriatt(stri..g. "-w U4 -h U4". width. belght);

strcpy(inta-tz.t. Ovinsert -11 blaak..32M"4 0);
utreat (intru-tl. "-L2 /Ampltrac/tra-rect.ti 0);
strcat~intr-Ia.tl 11-o /top/trac/templ..vitf ");
spriatf(stwixg. O-z Id -y U4" z..tom. y..teru);
strcat (intru-t.. * string);

mstetm(lutru..tl);
systemncetl.4stat).

It ystedn~e II t-mbld);f Iutdu'

syste.(stan4..l);ed)

/0---------------------------------C

syptea Cuean-cs);
ifC((fpI a f open ("ltwpltraclc..ueazA-data". Nr"))ouXTl=)

priatf("Error opening /tap/trac/cs-meean-data!Nn");
*zit(1);

fgets(strling, 128. tpl);
tclos.(tpl);

j *0;

temp a urn~2
while(tezp!1\n,)

teralEJ3 s tringti + DJ;
j a j 4 1
temp w string~i * 3

terul~j)
al-seaz a tof(teral);
uimNeen *(81lmean 0 factor) * elmerax;

----------------------------------------- l
/e Retrieve the mean value for tbe template. "
/0-------------------------------------------
syutem(Sean..pe);
if C(1p2 - lopen (l/topItraclps.-moan _data". "r") )&vnUL)

109



printf CO~rrr opsaiag /~tap.e.4tI~
ezitCl);

tgotsCstring. 128. 4p2);
rclmeeCfp2);

j a0;

t*=2J sttr nggC # 2

tomp a string~i # 32;

terU2LjJ3 *N'
tl..man a atotCteru2);
tl,.meas - (:1.mea a e actor) *ti..men;

I. Sizarize, blooded images using image average. o/

ifcmtbd'.'l U bin.,utatewab')

xtrcpyCbin..ul * vtkresh -i Itup/trac/eurr..blend..prev )

sprintf (string, "-1 %f -v 255", emi-ean);
streat(bin-ai, string);

atrcpy(bin..ti. "vtbzosh -i /top/trac/prev-blend,.old )

strcatCbinLtl. 0-o /top/trac/tinp.t..pi ");
sprintf (string. "-1 Uf -v 255". t-sean);
strcat~biLn.tl, string);

syst~m~bin-s1);
Systm(bin..t );
systemcsl..40tat);
systemti..4utat);

-----I -------------- ------ I
/e Bizerize blended images using the *
I. Cline binarizattion tecbnique. e

lb--------------------- ---------- S

strcpy~bin..u1. "vtkrosb -i /tap/trac/curr..blend.prev )

strcat~bin...i, 0-o /tap/trac/bin..4end..ul )
spri~ntf(string. "-l %I -v 285", sl-mean):
strcat~bixnul. string);

itrcy~bin..ti. *vthresh -i I'cup/trac/prev..blead..eld")
strcat(bin..tl, "-o /tap/tracfbiz_.4and..t ")
sprintf(string, "-I Uf -v 255", ti..een);
strcat(bin..tl, string);

xystem(bin.s 1);
systea~bin..t);
systea(dynl-91);
systes(dyal.,tI);
systes~and..sl);
syste(and-.tl);
.yetemt(Sl.stat):
systoo(tl..4stat);
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---- ------------ I

/0I. Dlaaizo blended Ieag.. usning 0/
/e line-by-line average. 0/

if(uitdemse' U bia.statet..'av)

lia..bja(d/tmp/treccjmr-.blead-prov. "/tmp/%rac/tmp...cm~el * factor,* 255, 0);
lia...biaC*/Up/trac/prev~blefld-ld". 5/tmp/trac/tmp.tinuI*. factor. 255, 0);

system~sl~etat);
aystew(tl..40at);

/* Dimarize blended Images using isage average. .
/0--------- - --------- I------

if(bin-statema'b')

strepy(bin..ul. "vthresh -1 /tup/%rac/aurr.bl~nd..pr*Y~)
strcat(binL~1, "-o /tmp/trac/tup- aeoen% I)
sprinatf(string. "-I IU -v 1". xm~mean);
strcat(bin~sl, string):

strcpyCbin.~tl, "vtb~resb -1 /tap/ trac /prev..bland..old")

sprintf(string. "-1 If -v 1". tl~meen);
streat(bin~t1. string);

systsm(bin..sl>;
systemu(bin..tl);

/-------------------------------/
Is Dinazi:. blended images using .
/* line-by-line average. S
/----------------------------

*ls* if~bin-stat."'ap)

line -bin ('/mp/trad/curr.bl and -prev". 1/turp/trac/tup-scene 1". factor. 1, 0);
line-bin ("I/tp/:raclprov..blend..old". 5 /tupItrac/tm..tmpV,. factor, 1.* 0);

I-----------------------------------1
/* inarize blended inages using the .

/0 Cline binarizattioin technique. *
/*-----------------------------------/
also if(bin..etate*-cf)

strcpy(bin..sl. vthresh -i /tmtp/trsc/cur'r..bInd..prev )

strcat(bin-.st, "-o /%upltrec/bIn..4amd..si
sprintf(string, "-I %f -v I", si-mean);
strcat(bin-o... string);

strcpy(bin..tl. "Tthresh -1 /tup/trac/prev-blend..old")
strcat(bin..tl * "-c Itsrp/traclbin_.4Lnd .t 1"

spriatf (string. "-I %t -T 1". tI-Sen);
streat(bin..:1. string);

system(bin-sl);
system(bin-ti)
msytem(dyul..s );



strc m(a34s..string)

strepy(binzt..l mvtbrosh -1 /tmp/trac/aazT..bleau-ldrv

strcat(bin-ti, "- tm/r*tpt"

sprliutt(string, ~-I %I -v 1",. tl~moan);
w~rcat(biLatL. string);

strepy(rbla..1. mvtk~esh -L /tmp/trac/ciarr..b1en&prov )

sprintf~strin~g, 0~-ui %f -v 1". mi.meazn);
strcat(rbin-si. string);

strepy(rbizn-ti, "v'thresh -i /tip/trac/proy-bland..old *)

*priL~ntf(string. "-u %I -v 1.t1.aoau);
utrcat(rbin-ti, string);

system(bin-ti);
systm~bin-o1);
syute.(rbin_%l);
systm(rbin.s1);
systin<gtl..4atat);
systse(gsi-4utat);

length a 24;
I or(*-O; fl~tazr.nun; u++)

/------------------------------------S
/0 Retrieve the upper left corner x tend y .

I.coordinates of the bounding rectaz~gle.
-/ ---------------------------

for(i-0; 1(3; 1,)

torsi (1) * tru-.cntr Ecount - nj [e1ng~th 4 Q)

teralti) - \*
z.:erm - stel (zermi);
i a i * 1;

for(JsO; J<3; J+4)

torm2tjj - tria.cntrtco~mt - n] (leDnth * i

terom2[J) - \;
y..teru a atol (ters,2);
y-term " 512 T- ters;
i a j + j 4 1

------------------------
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I. Aetrlov, the width and height 0

Icof the bousndzing rectangle. .

tor(k-0; M(; k+*)

tezul Ch3 - tru..aatr[-cmmt -x3 C1.ngth #1 +k 423;

width *atoi(tezui);

k w k 41;

for(2-0; 2<2; 124)

temu2EC1Jeru-catr[coamt -%I Elongth .1 *k #1 .43;

height a atoi(teru2);
length -length + i + k * I + 23;

------------------- I

I. Ertract true binarized target v/

/m from current scene. 5

11Ux.-teralmO U& y..term!*O U& targ..numaO)

fer(11l; i~n; i--)

otrcpy(estru..si. 'vextract -i /taip/trac/tuip.sceneq"'
strcat(eztru..st, " -o /tap/trac/tru..roct..s1 ");

sprintf(string. '1- Zd -y Id ". x~toru. y~toxu);

strcat(eztri.ui.l string);
oprintf(string. "-w %.d -h U11. width. height);
strcat(eztru..ui, string);

strcpy(intru..si. "vinsert -il blauik.32Ox4P9")

strcat(intru-..ei 11-12 /tap/trac/tru..r~ct.,sl *

strcat(intru-..i, 1-o /topltrac/tap_ scenee1 ");
sprintf (string, "-z %d -y %d".* x_%orm, y..teru);

strcat(intru..si. string);

systeu(oe~rtu-sB);
system(intru..s );

---------------------------- 1
/* Extract true binarized target '

I.from previous scene. 0/
---------------------------- ,

for(iO0; i~z; I-4)

strcpy(eztru..tl. "veztract -i /timp/trac/tup.tompi 9

sprintf (string. "-z %d -y %d ", I~torm, y~term);

strcat(extru..tl, string);
sprimtf(string, "-w %d -h %d". width, height);
strcat(extru-ti. string);

utrcpy(intru..tl. "vinsert -il blank..320x499'9

s trcat(intru-.tl, "-12 /top/ trac/tru..roct.tl 
I)

strcat (intru..ti * 1-o /tp/trac/tap..tempi ");
sprintf(striflg. "-x %d -y %dV, :,tera, y..ters);
strcat(imtru..ti, string);

mysteu(extru..tl);

113



if (Mu~d--'t 1 I nl•--'g')

systsm(blend-z.sl) ;
ystsym(ctl.(iatu);

symtsi•a-(s.48tat) ;

}

if (Ethd 'et)

swa~p = renamW~~nmpit~rac/1top-cenael. "/tulp/ltrac/sceel-viff);
yte(swapbtle0) .....{

priatf("File renaming operat:ion failedln");

swap a raenme("/mp/trac/hmpt.empl", "/tap/trac/empei.viff");
if(OuePlmO)

pri•tf("File reneaing operation failed!\n");

}

{
True target extraction algorithm. ei
------------------------

for(nmO; n<2; a**)

{.

length = 24;
for(*0O; *(~targ..num; m,*+)

{

------------------------------------ I
IsRetrieve the upper left corner x and 7 .1
Iscoordinates of the bounding rectangle. *I
/----------------------------------------

for(inO; i(3; 1.4)

termuiti - tru-.ctr~count - n= Clenoh * 1);

}

termi~l~
x.term - atoi(terul);
i * 1 41;

for(J-0; J(; J-.)

term2 ED a tru..catr Ecount -nj [length *i* jJ)

term2[j) = %*
y-term *atol (torm2);
i a 1 j + 1;

------------------------------ /

IsRetrieve the width and height .
Is of the bounding rectangle. S
/a-------------------------------1
for(k-0; k<2; k**)

114



teruilh W tru..catr Eooent -0 Elangth * I # k # 2

termith) a \*
width a toi(tarul);
k a k t ;

forClmO: 124C2 1+#)

%0=2 C13 - tru-catr Ecoust -33 Elength 41 *k #1 +43;

height 0atoi~tsru2);
length m length # ± + k + I # 23;

/e. Extract true target from current sam*.e/.
/0---------- --------- - ,

Wif-teraluO U y..terul-O && targ~nualsO)

y..t~ru m 512 - y..term;
for(iml; I~n; 1--)

strcpy(oxtru..al. "vertract -i /tap/trac/scamel.viff")
otrcat(eztru..al. "-o /tap/tracltmro.zct.al ");
upriatf(string, "-z %d -y %d ", i-tem, y..term);
atrcat(eztru-ui. string);
apriatf(string, "-w %d -h Zd", width. height);
strcat(eztru~sl. strin);

atrcpy~intru..al. "vinsert -ii blank-320z499 )
strc&t~iutrumul. 4-12 Itup/'cracltru.rect..a ")

strcat(intru..al, 11-o /tup/trac/uconel..viff';
spriatf (string. "-z %d -y %d". x-term, y-term);
streatCintru..u1. string);

system(extru..s );

aystea(csl..4stat);

/*---------------------------ft--------------1
/e Extract true target from previous scene. 0/
/a------------------------------------
for(1mO; ifn; I-.)

*trcpy(ertru..tl. "vextract -i /tap/trac/templ..vitt 9
strcat(extru..tl. "-o /tmp/trac/tru..rect..tl ");
sprizatf (string, "-m %d -y %d ", z..ters, y..tern);
strcat(eztru..ti, string);
sprintf (string. "-w %d -h %d". width. height);
strcat(eztru..tl, string);

strcpy(intru..tl, "vinsert -11 blank.320z499 )

strc&t(intrutli. "-12 /tinp/trac/trua-rect..tl ;
atrcat(intru~tl, "-o /tap/trac/temp..?1ff ");
apriatf(string, "-z %d -y %d". z..ters. y..temm);
strc&t(intru..tl, string);

syst"(eztru..t );
syatest(intru..t );
aysatn(ctl..42tat);
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/* vinarization algorithm. e

systm(cusintat);
syutem(pu..stat);
uyutem(moanace);

/o Determine mean of the current-sacene. e

SI(Cfp(2$ * opea(/tup/trac/caiw*afl.ata". r)).L)

prinl~m("Error opening /tup/trac/ca..ouneadataI \n");

tg~ta(xtrixLg, 12S. 2 p,4 );
I close(tp4);

i 7;
j *0;

temp - otringUj);

tUrxi~jJ stringti J3

j a j * 1
temp - strizagti*

*Ilmean s tof(torml);
ol-meen *(simeean * factor) * mineau;

/0------------------------------------------I
Is Determine the mean of the previoum..mcene. '
/0------------------------------------------S
s7utowmueazI ps);
if((tpS - £opera("/tmpltrac/pa..meam-data". "")XJ

printf("E~rror opening /tmpltrac/ps..moazi.data!\n");
exit(i);

fgots~string, 128, fpS);
cllomeCIPS);

top stringtjj;
vhile(teup!'\n)

tor&2[j) s tringti + J);
j a j # 1

temp a string~i +*3

tI-mean *atof(term2);

tI-mean *(%Imnean e factor) *ti.uean

if(sthda*l'a kk bin..stato-'b')

/-------------------------------I
le inarize using scene average. '



otrapy~bina..ai *,thresh -1 /%ptrItc/scine1..Tiff 0);

spriatf(string, "-I U -v 255". a sieam);
strcat(bimnul * string);

strepy~bina.tt. "vthresh -L /Itmp/trac/tOI-iffn )

strcat~bia..ti. O-o Amp/trac/tap.templ 0).
spriatt(string. "-1 %f -v 255". U-nemm);
streat(bim-..i string);

system Cbim..e1);
system (bin..t);

/e lizarime using the Clime binarisatiom techniquae. e/

if(uthd-a' U& bia..state-ec)

strcpy(bin-ui, *vthresh -i /Amp/trsc/scefal-lvif I
P~rcat(bin..si. "-0 /tap/trsc/bin..4aud.sl0)
spriatt~string, "-I %f -v 255". atsea.m~);
strcat(bin-alsi string);

strcpy(bin~ti. Ovthresh -± /tupltrac/templ..vill")
strcat(bin..ti, "-o /tap/trsc/bia..4&nd.tl )
sprintf (string, "-1 %I -v 255". ttnmeam);
strcat~bin..ti, string);

system(bin-0i);
system(bin-ti);
system(dyn2-sl );
systms(dyn2..ti);
systam(and..ul);
sysetm(and..t );

----/ ----------------------- 1

IsDinarize using line-by-line average. *
------------------------------------ I

if(mthd*lal kk bin-statoe'*s')

I ize.-bin ("/tmp/trac/ scamel -viff", "Aitp /tracltmp...scene I". factor.* 255 * 0);

line-bin(C"/top/trac/to~i-iff", "/tMP/%rac/tup.%tmxpl", factor, 255 * 0);

syutem(%l..4stst);
system(al..4stat);

swap a rename C "/tai/trac/tup. a can* I", "/tmp/trac/scamel..viff");
if(swapuoo)

printf ("File renaming operation failed!\x").

swap a rename ("/tupIrac/tm.templ". "/tup/tracltempl-vitff)
if (swaps -0)

printf ("File renaming operation fi.'n)
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/0 Sibarize using scene average. 0/

streat(bin.si. "- tkr.h-i/tra/ttrac/cs&*i .if 0);

uprintf(string. "-I I -v 10. at-soa&);
strcat~binL-sl. string);

strcpyMbin.. * vtkresh -1 /tophrac/t.o1..viff 0).
strcat~bin..tl, * rn /top/trac/mpte.tp 0);
sprintf~stwing. 0-i 1 -T 10, Ul..uaa);
strcat~bia..tl. string);

syst~s(bia..s );
system~bin..ti);
syste(sicl..x.bin):
Msytow(Ul..ibin);
system~ctl.Mtat);
systsm(csL..4w at);

----------------------------------

/eDinerize usming Clin. binarization technique. *I
-------------------- ----------------------- 1

if(utbd-'b' kk bin..statemucl)

strcpy(bin..s1. "vthr~ob -1 Itap/traclscaen.1.viff )

strcat~bin..sl " -o /tap/tracfbiu..4&sd..sl
spriatf (mtring. "-I %f -v 1". sluc~an);
streat(bin..sl. string);

strcpy~bizn..tl. *vtbresb -1 /'cup/trac/tespi.viff )

strcat(bia..tl. ý-o /tup/rac/bin..4and..ti )

sprintf (string, "-1 %f -v 1", tl-moan);

strcatCbim-tl, string);

systam~bin-s 1);
system(bin..tl);
uystem(dyQ-.s 1);
system(dyn2..t );
systeis(an&..s1);
syste.(and..ti);

systsm(tI-x-.bin);
sysaftm(ctl..4stat):
system(csl_4stat);

/---------------------------------------
I.Dinerize using lize-by-liz, average. 0/
------------------------------------ I

it~thds'bhabin..stat.'al)

line..bin("/tnp/trac/scoen.1.viff., /tapltracltop- senem1". factor, 1, 0);
lin...bin( 5/tp/trac/t.~ipffY.t" "/tap/ tracltup..tmpi". factor. 1. 0);

systaa(sI..z.bin);
system(tl..z..bin);
systaff(ctI..4stat);
Pyptomccsl..48tat);

----------------------------------------------- I
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/o Corral&%e target template with current scene. o/

systein~pa6"z8..s);

cystestaadpadw.pe);

iSy te( em .9w' ) ;c~ e ~ a ~ .p)

systsm~str.tI);
systen~stat.stl);
system(stat.sai);

system(padti);

/----------------------------------
/o Display template and scanescub-images. o/
/V------------ v--------------------- - -

syctem(display..s1);

cyst m Cdisplay.;tI):
run a run *I

------- ---------------- ----- 1
/o pad sub-image with zeros for Mr. 0/
/0-----------------------------------I

eleif~size*1) 1 i#-l'

system(pad2SS..cl);
osytsm(pad2S..: 1)

else ifCsizeo INI) sz-a

system(psdS4.sli);

system(padS4.t 1);

else- 2 -f (ci .topltl-i))

strcem(padl2It.. 1);d- /a/rc/u-ep
s*treat (pa412-t.. "-1); /rahu~op pd- 62- 1

sprstfsin tadin.. "-1); . op)

xtrcat(padfi12_tI, string); b~spl.a z52 c51 )

spriatf(stz1.ng. "-o %d -j 0 -k 0". tupi);
strcat (padS12-.tl. string);

systea~ftt-sl);
.yste.(ft-t1t);
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/0 The following concludes the correlation *

/* for the funl searcb *am* option. S

z..tempatel z..tempatel 3.
y..tempStel y-7tailatl 3-.
Z..tsmletei..size * z.tempatei,.s9u. 6;
Y-temlate1-sime if y implate1-sia. 6;

strcpy~aztr.tl, fvwtract -1 /tmp/ýtrec/twql.ped..4uU u);

strcst(exrz-.t. 0-o/tping); u-tmp
sprintf(string. 0-m Ui 0, z.templete1);
strcat(artr..ti. string);
spri~ntl(string. "-y Id ". z..t..plate1lsz);
streat(oxar..ti. string);

spriatf (string. "-h Ud". y..te.plat.1..sizo);
strcat(ertr..ti, string);

if(e~dgmr-'y')

strcpy(.ztr.ti, Ovdrf -1 /tmp/trac/t sop I -pad4z$ -o-
srnarct(.ztr-.ti -&1 0.35 -&2 0.35 -w 9 -ti 6 -t2 8 -1 T ~
streat(.ztr..ai. I voztract -1 - )
streat(.rtr..ti. 0-o /%"ta/rcc/sub..tawp2 i)

spriatf (string. "-z %d 0. x.template1);
5trc&%(ezrcr..t, string);
sprintf(string, if-y %d ". y~templatol);
streat(.rcr.ti. string);
sprintf (string, "- %d ". z~templat.1..sizg.);
strcat(em-ti..t string);
sprintf(string. "-h %d". y_.tmplatei..sizo);
strcat(ertr-t1, string);

system(eztr.t 1);

tmpz , 254 - (z.templat.1..size / 2);
tapy a 214 - (7..templa~tai.sIze / 2);
vtrcpy(pd512..t1, "wpad -i Itap/trac/sub..teap2 )
streat(pad"i2.ti. rn-o /tmp/trcc/siib-%up2..psd -r 512 -c 512 ;
spriatf (string, --d %d -, tupy);
strc&t(pa4512..t1, string);
sprintf(string. f-e Id -j 0 -k 0". tapx);
strcat(padu-i2..l string);
system(padSl2-ta );

syst.. (fft .t2);

mystemi(cormt);
if((fpl a fopeu("/tmp/trs~c/tup..3". "r"))*rnMWUL

printf ("Error opening /tup/%rac/twp..3!\n");
Axlt(1);

Igets(stri~ng. 126. 41l);
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morut a 0;
for (77 a 0; yy to 6;447

for (xx a 0; zx to 6. -mmz)

i~f fcaaf~tpl. %f'. acorteLzzJ L77))).4ULL)

priatt(Krtor reading ro tptramIp.Ia)

exit~i);

oxle.Cfl);

fa7ate(crtp.);*#)

ifC os(fpl *fpa/a/rcta.3.r))UL

for (zy m 0; z7 <a 39; 447){

fz'a (xx3 a 0; x .48 41

if(fcefapl E=3" -crnt~x 0;3)NU

pointer a "se r0;n w. tpte/tp.Ia

percent fpl 100.00;

for (zz a 0; I <a 492; **xx) <

for'zz (" 0;"to32*+y
ytalrzx a 0.0;
hoager2fx 0.22;

pointe a 0

tps c a 0; 00

pecesat 3000;

for (c= a 0; exx <& 492 '.sx)
tor (c" a 0; c" Co 612 **yy) {

bolde * I 0.00

ifcoita(scenjatltaxEty 3- cordtemj(icon] 0.25u))



soe-SM tetatU E* II)

smita - cerdata [tzz Ctyyl;
aorm2 - cotep Ecuz4 Ecyy
sotuS w cortWCS3 33];
tact a 1;
Wfczzin3) fact a tact * a;
IfC(czzuu2) 11 (cusmud)) fact a fact * 4;
IfC(czz-l) 11 (C= W5) fact 0 fact e 2;
If Ccyyi3) fact a fact * S.
ifC(cyy-2) 11 Ccyyem4)) tact w fact e 4.
LfC~cyyul) 11 Ccyym5) f act a tact e 2;
LfCcxx-3) U& (cyym.3)) fact a fact e 7;

holder2 w holder2 * ((float)fact) * C((&oral morz2) 0 (moral -omM

holder a ((sqrtC(dmabl*)hold~r2)) / C(double~normW);

if ((count-0) Mh (holder < percent))

moral a C(float)Czcen - Perez));
morm2 w CWloat)Cycen - peray));
diet a sqrtCdouble) ((moral 9 moral) * norm2 s*om))
if (41st < 50)

tap: xx* 3;
tap7 7 3;
percent *holder;

it (count mu 0)

diet a 0.00;
sormalt a sqrt(Cdovbl*)norwt);
noimaic a sqrt(doubl.)aormc);
for Cczx a 0; cxx to 6; .. czz)

for (cyy a 0; cyy <w6; -'cyy)
*z cxi +1z;

t77 a C77 +Ty;
normall a C(doubl*)cordata~txxJ (tyy]) Inormalc;
moraal2 s ((double) cortemp, czxj [cyy2) Inoramit;
nora&l3 a normall - xoraal2;

diet a diet * (norm&l3 w mormaa3);

diet - sqrt(dist);

if (41st < mukgorr (point ax])

rtaz~poizter) a zi * 3;
ytar~pointer3 a * * 3;
me4err~pointer) s diet;
pointer *0;
for (c=i 1; cxx <a 9: **czx)(

if(nmAarT~cuzJ > magerrtpointer))

pointer - cxz;
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)

)

sormi , pe.m - tapz;
sorm2 a peram -" ;
aorm3 a (aosl s moral) * (Cor•2 * nora2);
"at w oq*-at (Cdmbl*)mo)s3);

for (Gm -0; me Ca 0; *x) {
'orml - pormz - xt.rE&z.;

sora2 a permy - 1ta'zC1 ;.
mor%3 m (mol * moral) * (nor%2 * aor'2);
mormall - aprt ((doiibls)vors3);
if (mormal ( diet) A& (normall < 30))
{

tpz a ztar •();
tampy - ytarxzz);
diet a normaall;
percent P 50.0;

)

If(tapz > 2 A t-. > ) 2)

z.coord - tapt * 150;
y.coord - tampy * 40;

else

z.coord a perax * 150;
y.coord m permy * 40;
percent 0 100.00;

/-------------------------------------
I/ The following is for all but full 1
/* field of view for search scene. e/
/-------------------------------------

* yetern(multi);
sy.st("Ui.ft);

-a------ ------ -------------------

/o Quadrant flip the correlatiom plane../
/*--------------------------------S

sys7m(q.flip128);
}

aleso if(sizel' II slze-,'a')
{

vya:.in(q..f11p32);

sys., (q J1lp6)1;
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oygt=(c~ea1)l

system(cozz..aa);
if C tpl w lopmaQ/tmp/trac/sal.Aata" * yU) )-ULL)

printl(OKxwor opening t /ralz. tta)
sait (0)

tgotsCstring. 128. tpl);
tclose(fpi)

*string E23;

*wi strlng~i x 3;

syutow(corr-mia);
if ((tpl a topen("/tp/tradmin..data". er*) )wwWULL)

pristf(mErzor opening /top/trac/ui~n.dat&! %a");
ezlt(0);

£gets(strlng. 128. tpl);
S clos*(tpl);
1 a 9;
a a 0;
togp a 3tring[1;
vhi1e(tomp~mal)

Cmin~m) tamp;

togp stringEl * a;

mymtam~cor2r..aan);
il((ftpl a lopen("/tup/tracluean-data". "r"))--VULL)

printS ("Error opening /tap/trac/mean- data! %al)
exit(O);

ggets(string, 128. 41l);
Iclome(tpl);
I a 7;
a a 0;
tamp - stringtl);

Qmsanw a) tamp;
a a a 0 1;
top a string(1 23a;

systain(corrTvar):
If(p * open ("/Anp/trac/var..6ata", "r"))*.VULL)

printS ("Error opening Itmp/trac/var~data! \n"):
exit (0)
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tgets(strin,. 128. 41l);
Icl...(tpl);

*vrA t*0;

temp * tr1.mgiC1 m3

Cv..r.m3 1\0ea;

syst~m(carr..utdov);
if(CIpi a topea("Atm/twa~c/std.Y-data". *r"))s.IUL)

priatf ("Error opening /tup/trac/stdev., ata! \n");
exit (0)

Igets(string. 128. 41l);
fclONO(tPl);

a *0;

temp - string ti);
while(templeW)

Cmtdevtu3 w tamp;
a a a # 1;
temp a stringti * m3;

Cstdevwu a * 1

syatimm(byte.f lip);
systm(stat..pk);

/0--------------------------------------------------I

/a R~ead correlation i~nformation generated by KIIORDS. .
/0---------------------------------------------/
if( (I1 a topaz ("/top/trac/peak..coordx -". "r") )-NUL)

printf ("Error opening /tup/trac/peak-coard~s-1! \n");

j a k w I m 0;
for(i-O; i<12; i..) fgatm(string, 128. 41l);

temp a string~offeet + *

j J ;
tam string~oftaet

--------------------------------------------------- ,

/.Retrieverx- correlation peak coordinate. .
--------------------------------------------------- S

j " * 1;
temp a string(offtset J3

termltk] tamp;
* j *1

k *k *1
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to w nringCoffeet * D

termilW a \*

/o Petrieve y- correlation peak coordinate. 0/

I. - ------,,.---- :;*
j a j *1
temp string[ofeto *J];
Wrhilo (temple ,P),

{

torm2t:13 a temp;

j *j *1
teop - string[o•toee * J3;

}
terI2[l3 a 1\01;

io --- - -- - ---- - /--- -- - --- --

/0 Compute now tazget location coordinates. o/
/0 ------------------------------------- .. ..--
x.peak v atoi(terml);
y.peak w atoi(teru.2);
tor(0-0; m95; a++) ter1i[ - ;
for(-O; m<6; m+#) tern2E• ,0,;

/ozf.coord a ((double) x.coord);*/

/ey-.coord w ((double) y.coord);O/

x.coord z.€coord * (z.poak - (pad-ize / 2)):
y.coord n y.coord + (y.peak - (pad.size / 2));

.-teip v ((doouble)pad-size / 2.0);
zt.coord a xt.coord 4 ((double) x.peak - t.~temp):

yt.coord a yt.coord * ((double) y.peak - 9.temp);

/0-----------------------------------------------/

/0 Generate adaptive template dimensions and an

/I location for correlation. 0/

/0-----------------------------------------------I
if(size--a' I I uize--'f)
{
zedge - z.coord - 200;

y*dge - yc..oord - 90;

if (z16g < 0)

zedge - 0;
}
if(zedgoe > 398)

zedge - 398;
)

ifyetiS. - 0)

711 0;
}
it(yedge > 220)
{
yedge w 220;

Itrcpy(eptr..win, "vextract -i /tip/trc/scenel.vi•f -o - );

spriatf (string, "-z %d -y %d -w 100 -h 100". zedge, yedge);
utrca~t(eztr..win. string);
strcat(eztr..win. , viff~sat -i -
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streat(.ztr..via. "-o Itop/trac/top-1 -j I -b 0U)

stzcat(eztr..vl. "-4 0 -f a 11);

systm~exztr..vin);

ifC(tpl - gopen (0/toItradur-3 -, -r"))-.IL)

prixttf(urror opening /%mp/traci'mp-1lI~a");

tgotesutring, 128. 41l);

for (77 0; yy to 99; **yy){
for (xx a 0; xx to 99; +.xx){

if((tucaza~pl. "U". kuy~xzz3J))-MUIL)

priutt("Error reading from /tup/trac/tmp-.II%");

fscAAf(tpl. "l05");

tclose(fpl);

top: a z..coord - 150 - zedge;
tapy a y..coord - 40 - yedge;

------------------------------------- '
/aChock to see it current selected pixel is part .

/o of a target. a
/0 -------------------------------------------- /

it (xy ttpm3 (topy) <- 70)

cownt a 0;
&I & tupy;

d1 a tzp:;
while(count 0)

b1 w b1 + 1;

ci - ci * 1;
dI a dI - 1

if(ai < 0) &1 w 0;
11(bl > 100) hi , 100;
if(ci > 100) ci - 100;
if(dI < 0) di w 0;

foruxz a di; xx <0 bi; *xzx){
if (xy [xz [ai) >- 71)

it (zY [xz) Cal) > UY (zymPz) LmPY) 4 1))

tupy - &I;
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for(yy a &I; yy to cl; **y)
if(zy~bI2CY73 ),a 71)

townt a 1;
if(zy~bil3yy3 (zyEtapz3 Eta"]2 W )

fo*z a i; ztbl*z)

it~zy[zz3CC13 ),a 71)

cownt m 1;
1.t(xy~zz) cll)- C. zy~twapi(awY) 0))

tapy a ci;

for(yy a &I; yy to cl; **yy){
It UY CdO Eyy) >6 7 1)

count a 1;
if (xy Cdl) yy) >- (ty~ttapz.Ztapy) 4 1))

tapx a di;
tupy 77

tapm 0 poral;
takpy a peray;

---------------------------------- I

I.Find bounding box of target. 0

--------------------------------- I

&I *tapy -1;

&2 0;
bi -tap: 1;
b2 -0;
ci * apy *1;
c2 -0;

dl *tap: 1;
d2 *0;

while(&2-0 If b2-*0 11 c2-m0 11 d?-0O)

if(a2 a-0)

count *0;
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Sif~ W( 0)

&1 0;

fer(zx di; xx go bit **zz)
11(myEZx(ai] go 70)

covat a COWut 1

check n (cumt / (bi dl));

if(chack ),a 0.9)

&2a21;---

lf~b2 -a 0)

blia bi+ 1;

b2 a 0;
cownt a 0;
li(bl )1 100)

bi - 100;
b2 a 1;

for(y7 a al; yy go ci; *+yy){
if(zyrbi) (yy) go 70)

colmt a cownt + 1;

check - (cownt / (ci -

if (check >= 0.-9)

b2 a 1;

if(c2 w- 0)

cl a ci 1

c2 - 0;
count - 0;
il(ci 100)

ci 100;
c2 *1;

for~xx a dl; xx go hi; .. zz){
if(xy~zxEll gco ( 70)

count a cownt 4 1;

check - (covnt / (bi - dl));
if(ciieck ),- 0.9)

c2 w 1;

if(d2 *. 0)
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42 a 0;
cogmt u0;

lt(di 0)

dI 0;
d2 *1;

tor(yy 0 al; ~Y 'aO cl; *+YY){
lt(71[413EC.77J 70)

scwnt 0 (ear t / 1;l&M

it(obeck ),a 0.9)

d2 a 1;

z..coord a ((b1 * 41) 2) * zedge;
y..coord n (Wc * &0) 2) #
per=x v x..coord;
peluy v y..coord;

3..templatol.hlze =bl di;
Y..templatol-size ci &Ia;

ifUz.templatel..elze > 4

If (y..tesplateul-sze > 64)

Y..templatial..Uze 64

z..va~lue a x-eoord;
y..Yalue a y..coord;
xf..coord a ((double) (N1 + di) /2) 4 zedge;
yt..coord *((double) (cl + al) /2) * y.dgo;
zf~catr s zg.coord;
yt-=Zr =yl-coord;

z..coord *150 *z..cord;
y-coord 40 *y-coord;

zt-coard a 150.0 .xf..coord;
yl-coord - 40.0 *yi..coord;

---------------------------------------------- l
I.Compute upper left z- and y- pixel coordinates '

/a for subSimagem templatel, scenei. and sub-display. .
/0-------------- -------------------------- ,

x..templatel - a-coard - (x-templatel-size /2);
y..templatel a y..coord - (y..teiplatel-sizo 2);

z..scenei a x..coord - (x.9cenel..aize I2);
y...conel a y..coord - (yasconel..aize /2);
if(sizo-*'f)

z..cea~el - 150;

130



7..ucomel a 40;

X-.gimplay a 150;
y..dimplay 6 40;
LA1Usplay-'z* a049;
7.4luplayusime 320;

strcpy(extr.m.u * meotract -L /timp/trac/sconal..pmd..48 )

spriatt~string, "-I U4 -Y U4 , z..ucea.1, Y.sc~m.1);
streat(eztr~ol. string);
spriatt(string. "- Id ". z-scesel..uize);
streat(extr..sl, string);
spri~att~utring. "-h %d". y..scen.1..dize);
strcat(ertr..sl. string);

strcpy(aztr..tl. Ovextract -i /tap/trac/tomp..pad..4zS 0);
strcat(oztr..tl, "-o /tptrac/sab..tsupi
spriatf(strint. %z d ". x-templatel);
vtrc&t(sztr..tl, string);
spriatf (string. "-y %d ". y..templatel);
strcat(eztr.ti. string);
*priatt(string. "-w %d ". z..t.mplate1..size);
strcat(extr..ti. *%ring);
spriatf (string, "-b %d". y..tomplatel..size);
strcat(eztr..ti. string);

if(odger-wy')

strcpy(eztr..sl. "vdrf -1 Itap/traclscenel..pad. 4 zS -e -

strcat(eztr..u. "-&1 0.35 -&.2 0.35 -w 9 -t1 6 -t2 8 -1 7 )
streat(ertr.a.s " I vertract -i -";

streat(oztr..ul. "-o /ttp/trac/sub..scoel. )

sprintf(string. "-z %d -y %d ". ~.m-cona1. Y..scanal);
strcat(aztr..sl, string);
sprintf(str$.ng, "-v Id ". X..scona1aize>;
strcat(eztr..sl. string);
sprintf(string. 4-h Zd", y..scmzaol-ize);
strcat(eztr..sl. string);

strepy(oztr..tl. "vdrf -1 /tapItrac/tewpl..pad..4z8 -a -

strcat(aztr..tl. "-&1 0.35 -&.2 0.35 -v 9 -z1 6 -t2 S -1 7 )
strcat(extr..tl. "I Yaltract -1 -")

spriatf(stri~ng. "-z %d ". z..tomplatel);
streat(aztr..itl. string);
sprintf(str$.ng. 0-y %d ". y..toplatel);
streat(oztr..ti, string);
sprintf(string. "-w Id ". z..tomplata.lsize);
strcat(.ztr..tl. string);

sprintf (otring, "-b %d", y.templatel -size);
strcat(ertr..ti, string);

strcpy(extr-..ub. "vextract -i /tap/trac/p~d..4z$.displ )

strcat(oztr..sib. "-o /topltrac/sub..dispj.data&)
sprintf(atring, "-a %d ". i..display);
streat(extr..sub, string):
sprictf (string, "-y %d ", y..display);
strcat(ortr..aub. string);
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"spiatflStaims. M-v Id 4. Z.display...iae);
strcat(extr.saub. s tring);
sprlatf (string. "-h 14. dips.in)
strcat(.ztr..mub. string);

systm(.ztr-crs);

count 0;
zptU0;

yput *0;

Ylea 6 0;
tmpz x-:.sord - 150.
tapy *y..coord - 40;
Lf(tapz(<25)

xpat a 25 - tap:;
ulem a 50 - pt

count *1

if(tupz > 474)

mlan 6 0 -499 * taw:
COSat 2,;

if(tupy < 25)

ynmt w 25 - tapy;
ylan m so - ypnt;

if(topy > 295)

ylon So5 - 320 # tupy;
count *1

if (coun'tu*1)

strcpy(cut-croom * veztract -i /top/trac/ crossa-data 1

strcat (cut- cross, 0-o ItUW/tracl crosu .dat )
.printf(string, "-a %d 0. zpnt);
strcat(cut-czoss. string).
sprintf(string, "-y %d 0, ypot);
strcat(cut..crouu, string);
sprintf(string, "-w %d ". zlen);
strcat (cut- cross, string);
aprintl(string, "-h %d ". ylau);
strcat(cut..crous, string);

system(cu%.cross);

lodge - tap: - 25 4 zpnt;
yedge a tupy - 25 * ypnt;
if(count. a. 1)

sprintf(string. "wpad -1 /tap/troc/crofssdat")
utrcpy(pad..cioss, string);
strcat(p.4..cross. "-o /tup/trac/cronabair -r 320 -c 499 )
sprintf (string. "-d %d ". yedgo);
strcat(pad..crous. string);

mpriatf(string, "-a %d -.1 0 -k 0 ", zedge);
strcat(pad-cro~ss string);
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spziatf(string. 'vped -1 ltmp/trac/crosA..at& 0);
strcpy (pad-. roea. s tring);
merat (pad-cr~se 0 -. ltmp/trac/cieeubair -r 220 -c 49 U)

spriatf~string. "-d U *. yedgo);
mtrealt(pm&..aees. striag);-
spriatf(Ptring. "-e 1* -j 0 -k 0 1. sedge);
strcst(pam~cross stin)

systm~pe~creas);

strcpy(add..cross. *vadd -11 /tap/trac/sub..dimpl.data 0).
streat~ad~croos. 0-12 ltmpltradc/coaehair u);I

merat Caddcross. *.o /uWphrac/xub..dixpl.covO);

syste.(ad4.-croes);

/0 Compute, and display statistical information above S/
I. the =m-going adaptive correlation proces. 0.
/0------- - - -- ----------------------- --- 0/

for~uinO; m<6; w#4) term,2W. - tzu..catrtcount] Wi
teru2Wa 1\1
tr..iae -atoi~term2);

for~moo; iftarg..um; I-.)

/-------------- ---------- 0

/0 Retrieve the x- coordinate 0/
/0 of target locations. 0/
/0----------------- -- 0
j a 0.
,tem - tru-cavr (com-OWCm;

terwif) m*aw
.1 a * 1;
temp w tru-catr Ecount) [a 13

teruitj) w \*
z..nuab *atoi(termi);

zi.-numb -((double) x..nuab -0.0);
j a j 0 1;

/e--------------- - - --- -

/* Retrieve the y- coordinate S
/e of target locations. S
/*---------------------
tor(kmo; kC7; k..)

term2 Ek) a tru-ctr Ecount) Em Q

teru2tk3 a \*
y..nuub a atoi(tera2);
yf..nuab " ((double) y-amb - 0.0);
a a *j * k # 21;

system(c...pad4ze);
.ystem(p...pad4S$);
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£friatt (.-)

priattf(" CORRN.LTION STATISTICS: ;

pziatf(c..amumber a s , 0. rotala);
priatf(Tmarget jbear U 1 targ-a);

priattCOTrackiag Method: 1-37.37al. strO);
prinutfC'Iait Visdow Sias: 1-32.32s'%a". stri);
prinst(oThreabol4 Techaique: %-37.37s". str2);
priattC"Thresbold factor: %-.2f ". fectr);
prin't~tS eove computed thresholdA~AR);

printS ("Targ Correlate a;

printf(* True Track Err Path");
priatf(O Correlatio&Wa);

priatS (ORange Targ.Cutr Targ.Cstr");
priatf(" Error (Degree) Error~an);

priutf( ------------------------------
printf( )

index 0 15;

swap m reamme("Itup/trac/ready..4diupl". "/%mp/%rac/FOV..displ");
iS(svapf .0)

printf("Fie renaming operation 91 failed!\u");

*ele if (targ...nau.0

swap a reuame("/%mp/trac/ready-4diwpl", "/rap/traclFDV..diwp2");
if(swap!=O)

printf("File renaming operation 62 failed!\n');

if(izidezm.0)

printf("\m");
systm(clr..scr);

prlintf( ---------------- W)
printS ("Targ Correlato\n");
prIntS ("Range Targ..Catr\n");
printf( -------------------- \z;
InDex a 19;

/----------------------------------------
/bDisplay correlated target coordinates. -
-------------------------------------- 1
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priaf("dl~i.K51f.tr..imfo. xf..peek. yf..poak);
printf(s");

also

I. nlip y..torm to adjust for d1ff erenut coordinate 0/
/e system aind reduce sew turget coordinates frum 0/

I.a ref ermace of 400zW0 to 320z09.

y..rnmb & 512 -y.ainb;
z~poak a z..coord - 160;
y..peak a y..coord - 40;

yf..rnmb 0 512.0 - yf..nub;
zf..p~ek a zf..coord - 150.0;
yf..peak a yt.~coord - 40.0;

/0 Calculate magnitude of tracking error. 0

fraluel a C(zf..poak - zf..aub) * (zf.peak - uf..aub));
fvalu*2 a ((yf..peak - yt-sumub) * (yf..pesk - y-ub)
result *sqrt(fvalue1 * fvaau*2);.
error result.

percent a0.0;

----/ ----------------------------------- /

/s Determine the direction of the track error. '
/0---- --- --------------------- 0

Tvaluel a V-.peak - zf..=tr;
fyaaue2 a yt..peak - yf-cntr;

ilf((m.uub - xif.poak)>0.0 U8 (y-f.nuub - yf..peak)<O.0)

fwaluel a zf..nuub - xf-peak;
fvalue2 a yt..peak - y-ub
result *atan2(fvalue2. fyaluel);
eangle *-180.0 *150.0 e (result I pie);

else if(Cif-ua~b x- z.peak)0O.0 &A (yf..nuab - yf..peak)>0.O)

fvaluel a ift-swab - xf..peak;
fvalue2 a yf..mumb - yf..peak;
result a aten2(fvalue2. fvealue 1);
angle a 180.0 - 150.0 * (result / pie);

else if(Czf..numb - z~f.peak)<0.0 UA (yi..aumb - yf..peak)M0.)

fvaluol m zf..peak - zf..numb;
fvaaue2 a yf..peak - y-ub
result -atan2(fwalue2. fwa~luel);
angle *-180.0 *(result I pie);

else 1f((zf..numb -zf..pook)(0.0 UA (y.r.auub - yf..peak)>0.0)

taalual - xf-peak - ift-numb;
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tivlue2 - yf.2wb - yf.peak;
"result a at"m2(t2vmue2, tvaluol);
angle a 160.0 a (result / pie);

else if((zW..mb - ,e.peak)30.0) angle a 180.0;
else If((zfrnmb - zt..peek)40.0) eagle a 0.0;
else if((yf.inmb - yt.peek)30.0) angle a 90.0;
else It((yt..mb - yf.peak)0.0) eagle a -90.0;
o1e eangle a 9".9;

/* Display correlation statistics to crrea. e/

priatftV'idl.t,.U.1f"* tr.-imto. z..poek, yf..pek);
pri•tf("8Ie.liU.18 .2.", xS•u.mb, y.-amb, error);

pratf((%9.-1f-,S.fAa. eangle, percent);

.indez 0 indez - $;

Rw Kecord correlation slumry to a file. .1

it (tine. u-0)
{

tprint"(fp3," ------------------------...- ...........----
Spri•ntS(tp3 ..-------- CORRELATION STATITsICS SUKOU.R"))
SpriLntS {(p3 "T ..................... ") ;
fprint•((p3." ---------. \n-");

tprintf(4p3, Tracking Method: %-40.40s., strO);
fprisf (fp3, "Viudo Size: %-40.40a\n", strl);
tprintSf(4p3."Uinarlzation Tochnique: %-40.40s", str2);
fprLntf(fp3."htn lumber: l-3.3s\u", run.-sun);
tpriatf (fp3,"Threahold Factor: %-40.2f", asctor);
fpritS(4p3.,"Target Number: %d\n\n", ta.rn-um);

tpriztS (t3."Dat& Format:Wnn");

Sprintf(4p3. "RANIGE, I-PEAK CORR, Y-PEAK CORK. ");
printf4(p3, "I-TRU, Y-TRUE. TRACK ERROR,");
tprint (4p3. "ERROR PATE (DEGREES), CORRELATION EDROR\n\n");
fpriu(p3 ,"--------------------- ---

f4rintf(tp3 -----------------------------------------
Sprintf (p 3 .. ...------------------------------------ \x~x");

times a tiems * 1;
}

/------------------------------------I
W. rite computed statistics to tile. "

/----------------- t------------------I
Spriatf(tp3. "18d18.1II. IS" tr.-info zx..peak. y-f.peak);
lprintf(fp3. "I,.1IS8. it", xf.-umb. yt..umb);
fprintSf(fp3, "18.2519.t18.31\n". error, agnle . percent);

tprintS(Cpe. "%6d%8.2f\n", tr.info, error);

lprintf(fp7, "%$d$4%9d\n"' tr..info, z.peak. y.peak);

4priatf(46. "%d ". tr..info);
for (xz n0; xx to 9; +4 #x) {

diet - 20.0;
tor(yy a 0; yy to 9; 47yy) {

if((holdt[yy) !- 0) Ut (holdy1y7 - 0))
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moral - C(tlo&%)(zt&:r~zz2 - boldzlyyj)); .

boz,2 a ((fio&Wt)(trEzz3 - boldy~yy)));
bolder a oqrt((dotabie) ((momal * moral) *(sorm2 *aoru2W);

if (holder < diet) diet - holder;

ifC(zter~zj 1- 0) u* (ytar~z4 to 0) &&(diet 40 15.0))
1priattCIt$. " d.ld ".ztrEz=3. ytaEWtz);

tpriatftup. '~aw);

tflumb~tp3);

ft lumh(tp7);

ft lusb(f p6);

for Cxi n0; -cu 9U ; ** x){
holtzxzxx - zt or Euzx
holdy~xzj a * a x

oant - Counat # 1;

swap w renaeaee/to/trac/previoias..cene", 0/timp/trac/old...cone"):
it(swap!0O)

priatf ("File renaming operation 13 failedl~n");
exit~l);

uuap-reae..("/tqg/trac/curremt-uceae". "/map/trac/provioua...come");
if(s.aplu0)

priatf ("File renaming operation 04 failod!\z");
ezit Cl);

strcpy~displ..tlle. plotnaue);

*:rcat(displ-tile. teral);
strcpy(maweiag. "cp /tap/trac/sub..temp1 9
sprlintt(te=3, "%s", dlapl..file);.
strcat(saveing. ter&3);
system(saveing);

strcpy(displ-filie. plotamme);

streat~dlspl..tile. torsi);
strcpy(saweing, "cp /Amp/trac/sub..cenel");
spristf(ters,3. " %s.". dimpl..tlle);
strcat(savoiag. term3);
sytetm(uavoiag);

digit3 a digitS 1
it (dlgit3-lO)

dilgt3 a 0;
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dIgIt2 a dlgit2 *1;

if Cdigit2es10)

digit2 a 0;
digiti * 1;

/-------------------
/5Sot flag to trigger the display of the e

/* ezrrelator's options meen.

1* ((41 a 2opmm("/%mp/%rec/stazt2_4log", "vo) )NULL)

printt("Error opening /tmp/trac/vtert2-flagI\sw);,

fputc(on, 41p);
fclove(fpl);
cycle a cycle * 1;

if C Cp2 a fopeW("lT/prac/optioa..flag". "r") ) .. N'LL)

printf ("Error opening /tap/trscloptiom..flag!\ra");
azit~l);

opt-.flag a fgstc~tp2);,
fcloae(fp2);

----/ ---------- ----------------------- I
ISReaet opt..flag and deterain, the option selected. .
--------------------------------------------------- S

if (opt .flag'm.ou)

if C fp4 a topen( "Itap/trac/option..flag", "'9 )uuUULL

prlntfC"Error opening /%upltrac/option..flag!\m");

fputc(off. fp 4 );
lclose~fp4);

if (CfpS a fopen("IAmp/trac/opt ion- into", "r") )-UUL)

prantt("Error opening t'cap/tracioption-info! \zI),

opt 0 fgstc~f p5);

/0------------------------------------
/0 Annotate Change in bizarization factor. "
/0---------------------- -------------I
lf(optsm.'t9

fgeta(string. 128. fpS);
fgeta~utring. 128. 45S);
factor a atof (string);
if (ta~rg.num' .0)

fprifltf(fp3. "Oeseeee sssssse Chan-);
fprlintfCf p3. gsa in binarization threshold");
fprintf~fp3,'. New threshold factor: ");
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fpciatf Up3.0 Ud* ee**e~.e~~ factor);

tclose(fp5);.

/0 Annotate change in t1emlte and scene size....

if(optmel' If opt-u'.' 11 opt-,@,')

If (opt-, 1')

size

&..tIate1.sizo a 4
7.scenel-sin. a 120;,
X...casol-izo a 192;
pedals.o a 266;

tpriatf~t3eeeee...ees Cheg");
fprint2(tp3,"* In window site. New window 11);
fprintf(fp3,"vin. is: Large (Teiplat.o64x');
tprintt(fp3,040, ScaenelO2zl2o) esse")

if (opts-'.')
A

size a 'a';
y..tomplatelmsize a 20;
x..templatei..wize a 30;
y..econeiasize a 38;
z..mcenei-size - 60;
padusize a 64;
if (tazg..nium *O)

fprlntffp3"eeseew~e.eses..ee..chang-);.
SprintS (5p3 ."s in window size. Now window ");
fprintS (fp3,"sizo is: Small CTerpl~ta30xz).
fprintS (Sp3 ."20. Scon.-60m38) 'swue)
tprintf (Sp3."* easme soo.seo.s.ln)

iS (opt-m a')

size a WU;

Y..templatel..uiz* a 28;
1..templat.1..ize s 42,
y-scona.s.ize *72;

X..scoen.1..ize *16

pad-lsiz a 128;
if(targ~aum!*O)

Sprintf (fp3, *a**** move...... Cheng").
SprintS (fp3 ,"* in window sie. Nov window ");
fprintf~tp3,"six* is: Medium (Tonplate-Oz");
fPrin~tf(p3.1"28. Scoe-.116z72) *s.s.)
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size 0 a,;
y-SaimlateLla.sz a 20;
a-towlatel..Ul2 o 30;
y...cem.1..sl.* 38;
x...cenoLl-se a60.
pad-fisia 0 6;

if (targ..rnmIO)

tprintf Cfpl *.**@5bbSS hn9
tpriatfUfpS,'o in window size. Now window 0);
lpriutf~fp3."sLze in: Adapt/Smmll (Template.");
lprimtf(fp3."AdaptI Sceae=6Oz3g) se~ses)

il(optinw'f')

Y-tesplatei-mlze a 20;
z..templat.1..sixe m 30;
y...censi.ula. 320;
z-saeneal-s. * 499;
pad4si2. m 512;
if (tazg..nlwu .)

fprlatf~p3,"s in window size. low window -);
fprintf (tp3. "size ix: Adapt/Full (Templatem");
fprintl (tp3, "Adapt, Scansw499z330) sesm..)

-------------- ---------

ishainitialize, the KHORDS commanda to e/
/sextract the template and scene. a/
------------ --- - --------- /

1-templatel a z..coord - U-.tesuplatel..uize 2);
Y..taplatel a y..coord - (Y..templat.1..aizo 2);
z-mcenel - z..coord - (1.8canel~lize I2);.

y-scenel * y..coord - (y..scenel..size I2);

strcpy(extr..u1, "vextract -i /tapltrac/sc~zael..pad..4x8S
strcat(artr..al, "-o /tmp/trac/vub-s.aceael1
sprintf(atriomg. "-z %d ", z...cauel);
strcat(eztr..ai. string);
spriatf(string. --y Id ". y..acen.1):
streat(eztr..al, string);
sprintl(string. --w %d ", z..scamel~size);
strcatCeztr..ai. string);
spriatf(string, --h 7.d". y..scenel..sze);
strcat(eztr..ai. string);

strcpy(ertr..ti. "vextract -i /tupltrac/temp2..pad-U&8")
strcat(eztr~tl. "-o tm'p/trec/sub..teul "1);
sprintf (string, "-x %d ". z~templatel);
strcat(eztr..tl, string);
sprintf(string. "-y %d ", y~teemplatol);
strcat(extr..tl, string);
sprlntf(strin~g, "-w %d ", z..templat~l~siz.);
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strcat(estr..tI, string);
spritfmt(triag. "-b %~d", Y.tesiplatel..ize);

/a Annotate change in binarizatice technique. .
/0-------- ----------- -C
if(optIz')

bin-smtate a 'a';
opt a to
if (targ..unmt 0)

tprimtf(f p3." bi~nezization method. The now method is:");
fpri~ntf(fp3." Line-by-line, Average. eeeeeeeee)

if (opt..'b' )

bin-*tat* a * I
opt * to

fprinttf p3, .eeeemeees-semoeasesoo Change");
tprintf(fp3." in binarization method. The now method )
fpriztf(fp3."is: Scene Average. *SSSSeSSCOC)

if(optas'c')

bin-state - 'C0;

opt , o
If (%azg..rnm!O)

1printf Up3.".eb.essssssew* s Chauge");
fprintf(fp3." in binarizatlen method, The now method")
fprintf (fp 3 ,"i: Cline Sinearization. .s.ssse')

--------------------------------------------------- S
/.It lest image in series has been displayed or per .

/a user's request. kill background jobs and ezht. a/
/0 ---------------------------------------- Ia
if(epts.'e' 11 (argc-couant)..1l)

mtrcpy(search. "pm -aux I grep putimage I grep -Y");
strcat(search, " grep' > Itapltracljob..numbersm);
system(mearcb);

if((fpl a topen("/tsmp/trac/job..number#". r)* L)

printf ("Error opening /tapltrac/job..niibers!\an);
exit(1);

for(im1; i<4; i++)

fgets(string. 128, lpi);
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tor~moo; 0<6; m+) ps&IvaueLu) strl.4Lm 9 0)
ps..'elue~a3 a %*
it Ciemi jobi a atoi(ps-valuo);
if(12) job2 - atoi~ps..walus);
ifIM-) jobs a atoi(ps.value);

fclose&fpi);
spriatf~k.Aispl-gov, "kill %d", jobi);
apriatft-k.ispl-si. *kill XE", job2);.
spriatI~k-Aispl-ti, "kill UE". jobS);
system Ck.displfov);
systemCk..displ-as );
systan(k..Aispl..t );
it C (42 a 9opea("Itmp/trac/EO-f lag". nv") ).-N=)

prinxf ("Error opening /toI/racIZ0S..flql z"):
ezit(l);

tpute(oa. 4p2);
tclose(fp2);

if (targ..umin ")

tclose(fp3);
SClOOsCt p6);

1closa(1p7);

priatf("/e This program has been terminated either");
printfC" in re- a~a)
printtC"Ie pons. to the user's request or because")
printf("the di- */\z");
priatf("/a gitized images for this sequence have b");
printf("een sz- *An");
printt("/* hausted. It the program 'trac-senul has");
printf(" not A/n");
printt("/e already been terminated. please reponsa");
printf(" with *A/n");
printf ("Ia option Is to terminate it now.
printf(" */a)
primtf("/* -- - --- - - - -- -)--- - -- -- -
printf("--------
exit(0);

--------------------------------------------- I

/o Reset variables and kill background processes *
/o to enable the user to select a new target. 0/
Is----------------------------------------
if opt-w'n')

cycle - 0;
state w rl
pass 0 1;
times *0;
index 0;
run 0;
opt -a$;
factor o 0.15;,
bin-state aIl
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fclooo(fp3);
f close Cfp7

strwp(ueazch. 'pa -aux I grep itap/rac/TiAdi I grpe )
strcat(meerch. "putimage > /tsipltrac/job.,wombere");
sy. tem~search);
if C (fp4 a f open ("Ap/trac/job-numbers", Irn) )-UL)

priatt("EXror opening /tinp/trac/job..a'mber* I\n);

tgets(string. 228. tp4);
for(0-; m(6; +*4) pe..valu.CuJ - strigts # 93;
Ps~valuoEmJ a %'
*jobl a atoi(ps..value);
f closeCf p4);

strcpy(search. "pm -aux I Crop /Jmp/tracISl..dis I grep n);
utrcat(mearch, "paatimage ), /tmp/trat/job-nlaumbers");
symte.(seerch);
if (CfpS - topen("/tup/trac/job..nubers". "rn) )veuL)

printf('Error opening /up/tracdjob-um~berm !'W);

fgots~string. 128. S pS),
S or(*.O; m<S; a**) pa.valueiaJ - string~a + 93;
pm..va~lueta. * \1
job2 a atoi(ps-value);
S clome~f pS);

sprintf(k-displ..tl, "kill %d". jobl);
upriatt(k..displ..ul. "kill %d". job2);
syxtee~k..displ..t1);
symtem(k..displ.s 1);

-------------------------------------------- ,

I. Function: line.,bin This function performs .
/0 lint-by-line binarization of en image. S
/0 ------------------------------------------.
void lize..bin(infile, outfilo. factor, upper, lower)
char Winlleti]S, autfileEI2S);
int upper, lower;
float factor;

FILE *fpl, ef p2;
int total a 0, 1. a. max - 0;
int rnuamarraYES). value. r. k. number;
char iomp. torm2C253, string[i28], to..ascii[128);
char to..viff[128). to..byteEL28);
float average;

/a-----------------------------------------------S
/* Intiaislizo KNOROS sub-routine command strings. 5

/0 -------------------------------------------- I

spriatS (string, "vprdata -i %a ". infile);
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strcpy(touascii. string);
streat(to..acil, O-f /top/trec/lin9_bln~iadata -a N

strepy(to..vifl, "amc2viff -1 Aitp/trac/lime.blx.outiata -o )
strc~at(to.viff. "/tup/trac/11~e..bin..2'v12f -11 0 -t 0 ");
strcat(to.wiUf. "-r 320 -c 499 -a 1 -a I -b I -d 0 -b 0 -aO)

uystem(to..ascli);

lf((tpl a topem("/~ttrac/11a...bia..±mdata". Or"))emNUL)

prlutf ("Error opening /m/rc1a.ba.aau n)
exit Cl);

if C fp2 a top~am("/tmp /tr.1ac/..sbia..outdata" ,yW *w.3YJYJ)

printf ("Error writing to Itmp/trac/llIa.bin-outdata!\n");

for(knO; k<13; k**) 'fgets~striAg. 128, fpl);
for~kO0; k<320; k**)

--------------------------------
/0 Average the first S pixels of a lint. .
I*-----------------------------------I
for(r.'0; rc$; r+*)

1 a 0;
if ((gots (string. 128, fpl))NULL)

prlntf ("Error reading from /tap/trac/in..t~st..dat&!\IM);
exit(1);

temp * trlagt2);

temip - string El);

temp - string El);

ntm-rrmyt) vatlue;
a *e a toa Vaue

tfupermp*atrziE)

Ipri2mtJf2 "%*" pe)

iprictf(fp2. "%d\o". valper);
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if((value maz)>O) a" , value;

. ... .. ... ..-.

----- ---------------. -e

/* MaDine each pizel base am the ./
/, average of the previous I pixels. 0/

for(r0O; "(491; r**)

itfM(fgets(strli,. 126. fpl))SNULL)
{

priatt("Ofror reading from /Imp/trac/An.te&t.dataI-s");
eztlamp(); ,, , -

I

1"0;
tamp - atring 13;

1 *1 *1;

tep - ,tro:13);

1"*1 *"1;

a a0;

temp - -tring[lj;
vhlo(e ampl \'0;')

aveznrage - ((lot)toal 80

average a (average * fact-o) + average;

if((Cfloat.) va•lue - ovorage)>0)

ntmber a upper ;

}

else

nutmbe" alower;

frlntf(e'p2, "to d\t", number);

toaverae 0;(la)ta)I80

for(*"O; mC7; a**)

nun.-'rray[W w num~array[n 4 13;
toaelae - tarlage *+ fumar•ytor) v

total, tot)value 4 - va..lue;

fcloseofpZ);

W1•((uppoer - mup)erO) max upper;
ifpt(fppor"el)
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strcpy~to..by-te. YCeomvert -1 /top/trac/11ae..bj&_2vy± -o U);

spriatfCstring. 0%2 -a UO. outfilie. ama);
strcaCtetobyte. s tring);

s-t btte -b 0")

system(to..byte);
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B.3 COR.C

/0 COlX.C 0

I. AIR FORCE ZISTITtlX OF TEMIOLOGY -/
/* TRACKS TAIRGT 9I10 TIM TCUIIXUE OF ADAPT!! COMUUATION 0/
/0 by Capt Denis A. obintera S1
/0 October 15, 1M "1

/e This program ozecutes the correlation plane postprceesinxg
/0 algorit" created during my theesiLs m indildual pictures. 0I
/e This program does not coeduct the actual correlation or S/
Is template autocorrelatlom. This program only conducts the e/
/I correlation peak height/shape matchlng. .1

linclude Cstdlo.h>
linclude (string.h>
$ include cmath.h>

------/ ----------------- - e
/I Define program variables and .1
/, check for Input directory path. ./
I-------- --- ---------- -----

FILE -tpl;
char path[1283, torlt[2S]. tupath[2283. string[128). skip;
1nt I W 0, J. zz, yy, UTpZ, t.py. count. zcet. yce. czz, c7Y;

Ant fact. tzz. tyy;
float cortemp[7) E73. norut. cordataa[1283 [128). holder2;
float naric. norul, nori2. norm3;
double percent. holder;

/0 -----------------------------

/I Determine which sequence to display */
/0 ------------------- /

priatf("aEnter path to be used \n");
fror(ioO;(ship-get:charO) to. 'Wn; +*#)(

tpath Ftl a skip;

tapath[il - 1\01;

strcpy(path, tapath);
sprintf(terml, "._tm.dat");
strcat(path. %eral);

if((fpl a fopen(path. "r"))-N=LL)

printf ("Error opening Is.•\n". path);

fgets(string. 128, fpl);

morat a 0;
for (77 a 0; 7Y 4" 6; 4.77) {

for (zz , O; zz <- 6; *.zz) {

147



if(Cfacamftfpi. nto kcortwqLzzJ EYyD)))u UL)

pristS C"Zzror reading tram %ol \a". path);
ouit(1);

inorat - morst + (coramqEWE Ly7 o~rtagEWEY3 Cy);

SocaaS(Spl, "lea");

SIo.C106pI.);

outZcp(Path. timath);
spriatf(terml. %a.c-dat") 2
vtrcat(path. termi);

if(Cfpl a topen(patk. "r"))UULL)

printS ("Error opening %st\a". path);

fget.(string. 126, fpI);

for (77 a 0; 77 (* 127; O477){
for (xz a 0; zx <a 127; *.xx)

if ((fecanf(fpl. "U". A cordata~xx) Lyy3))UULL)

priatf("Error reading from %lu\n". path);
euit(1);

feeanf(fp. "%05");

S cIoWI~Pl);

tapy *0;

percent a 100.00;
for (zi a 0; xl <w 120; ++zz) <
for (77 0; yy <v, 120; 4.77){
holder *0.00;
holder2 *0.00;
cownt 0 0;
Morse a 0.00;
icon - El 3;
ycen - 77 3;

if (cordataEzcea3Eycen3 (eortmp[3)3)3 8 0.25))

for (cxi w 0; czz <a 6; ++c.=){

for (cyy o 0; cyy 4w 6; #*.cy){
tzl - cxx - zz;

t77 0 C77 4 77;
norme - Moose * (cordata [txz3 [tyy] o cordata Etz3 Etn));
norms - cordata~txx] (:77);
norm2 - ccrrewp~cxx)Cc~yy;
nor%3 a cortempE3(3)3);
fact - 1;
if(exzwu3) fact a fact 0 8;
lf((exx**2) 11 (cxz-04)) fact *fact *4;

if((czx**1) 11 (czx*6-)) fact *fact *2;
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£t(cy, 3) fact a fact * 6.
if((eyywm'2) 11 Ccyy-m4)) fact a fact 0 4;
Lt(cyy-wZ) It (cyy-6)) fact & fact 9 2;
ItCczm-3) U* (Cyy-S)) fact a fact * 7;

holder2 a holder2 * (((loat)tact) *((sorai morm2) 0 (sermi maza2)));

bolder a ((sqrt((dmuble)bolder2)) / ((dovble)uozu3));

itC(countO1) 6* (holder c percent))

t *p 11 3;
%My yy7 3;
perceat a holder;

prlntt("X is located at %d% \n". tupath. tapx. tupy);
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